Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



I 




oj^lc 



Digiiizcdt* Google 



Digilizcdb, Google 



Digiiizcdt* Google 



Digiiizcdt* Google 



UP-TO-DATE 



Air-Brake Catechism 



THE ONLY PBACnCAIi 
TRBATING ON THH BQOIPICBNT MANOFACTTJRBD BT THH 
; BBAEE COUPANT, INCLTTDINO THE ET 
1 BRAKE EQUIPVEMT ; THE K (qOICK-SEBVICE) 
TRIFUl VALVE FOB fSElQHT SKBVICE ; THE TTFB I. HIOH- 

MEKt. AND THB CB 



1 



2,500 QUESTIONS WITH THEIR ANSWERS 

are included. These ore intended oa examination queations 

for engineers and firemen, and all other railroad men 

preparing to paea an examination on the subject of 

air brakes. This book baa been endorsed and used 

by air-brake instructors and examiners on 

newly every railroad in the United States 

By ROBERT H. BLAGKALL 




FdDj Hhutnteil W Detail EosnTiiiss tM Cdorcd Plates 

TWEKTY-SeVl^Tli KDITlOft 
ENTIBELT REVISED TO DATE 

HEW TOBK 

THK NORMAN W. HENLEY PUBLISHINa CO. 
2 Wb8T 45th Streist 



Digiiizcdt* Google 






A I9H. 1911, l9DSuiiI 1907 

THE NC»MAN W. HENLEY PUBUSHING COMPANY 

Copriitfiud 1903, 1900 ud 1896 

Br 
N(»tMAN W. HENLEY & CO. 



CompodtioD. ElectiDtypIng ud * 

Prerairoifc bjr Brtunwaith 

& Co.. Brooklyn, N. V. D,g,i.2cdb,C.OOt^lc 



y 



Iriitailiim 



THIS BOOK IS LOVINGLY DEDICATED 

TO MY 

FATHER AND MOTHER 



387470 



t, Google 



Digiiizcdt* Google 



Preface to the Twenty-Seventh Elditipn 

THE fact that this is the twenty-seventh edition of this 
book iBdicates that there is an urgent Deed for a 
book of this nature written on the question and answer 
plan, by meana of which it is possible to readily locate the 
particular p.oint upon which information is desired. 

The air-brake art has almost completely changed in the 
last seven years, hence the necessity for an entirely new 
edition. 

The changed conditions of service which now pre- 
vail, and which consist of longer trains, cars of heavier 
capacity and locomotives with power and weight com- 
mensurate with their increased duties, have made impera- 
tive some radical changes in the air brake. The original 
brake was designed with the idea in mind that the maxi- 
mum length of train would be fifty cars, and the capacity 
of these ears 60,000 pounds, A large percentage of the 
cars of to-day have a capacity of 100,000 pounds, the 
number of cars in a train is often 100 and the hauling 
power of the locomotive has kept pace. The result of 
these changes has been that the apparatus which has 
been in use for so many years is not adequate to handle, 
with the desired efficiency, the long and heavy trains of 
to-day. 

Passenger cars and engines have more than doubled 
in weight and it has also been necessary to re-design this 
equipment th«t stops may be possible within desirable and 
nractical limits. 

To meet these changed conditions in freight service 



FBEPACB 

the Wertinghonse Air Brake Company has developed new- 
engine and car equipment by the use of which even 
better results are obtained with the long and heavy trains 
than could be obtained with the older equipment and 
shorter trains. 

They have also developed a passenger car equipment 
which, aside from the improvements in the way of flex- 
ibility and other new features, will permit of this heavier 
equipment being brought to a stop in about the same 
distance as was accomplished with the older form of high- 
speed brake and the lighter equipment in general use dur- 
ing the previous ten years. 

The author takes this opportunity of thanking those in- 
terested in the air-brake art for the generous and cordial 
support which former editions of this book have received. 

August, 1918 ROBERT H. BLACKALL. 
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AIR-BRAKE CATECHISM 



CHAPTER I. 

BEGINNINGS OF THE AIR BRAKE 

Q. What is an air brake? 

A. A brake operated by compressed air. 

Q. Wliat was the first form of air brake used? 

A. The straight air brake." 

Q. By whom and when was it invested? 

A. By Gleorge Weatinghouse, in 1868. 

Q. What forms of brake did it snpplant? 

A. The hand and the spring brakes. 

Q. What parts were necessary to operate the Btraij^ht 
airbrake? 

A. An air pump, main reservoir, a valve called the three- 
way cock used to control the application and releaee of the 
brakes, a brake pipe, and brake cylinders. 

Q. What parts were on the engine? ' 

A, A main reservoir, pump, and engineer's valve. 

Q. What parts were on the oar? 

A. The brake pipe and cylinder. 

Q. Where was the braking power stored with this 
system? 

A. In the main reservoir on the engine. 

Q. How wen the brakes applied? 

A. By changing the position of the three-way cock on the 
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engiqp^:}C! ^':t<> allow, 'the hiajn reservoir pressure to flow into 
the brake pipe. The brake pipe, connected directly with the 
brake cylinder, allowed air to pa^ into the cylinder, forcing 
the pistoa out and applying lie brake. 

Q. Why was this birake unsatisfactory? 

A. Tor Beveral reasons. First, the tendency of the brakes 
was to apply first at the head end of the train. If they were 
applied suddenly the slack running ahead would cause severe 
shocks and damage. Second, if a hose burst in the train, the 
brakes could not be set with air, as it would pass out through 
the burst hose to the atmosphere. Third, on a long train the 
main-reeervoir pressure would equalize with that in the brake 
pipe and brake cylinders at a low pressure on account of the 
large space to be filled ; before the brakes were fully set the 
engineer would have to allow the pump to compress air into 
the brake pipe, and brake cylinders, and before maximum 
braking power was obtained the train would be stopped. 
Fourth, the effect of friction on the flow of air from the main 
reservoir through a long train made this brake apply much 
slower. 

Q. What was the next form after the straight air 
brake? 

A. The plairt automatic. 

Q, By whom and when was it invented? 

A. By George Westinghouse, in 1873. 

Q. What brake followed the plain-antomatic brake? 

A. The quick-action brake, which almost immediately su- 
perseded the plain-automatic brake in passenger service, and 
did very quickly in freight service. With this improved ap- 
paratus the brake on the last of a fifty-ear train could, if so 
desired, be applied in two and one-half seconds from the moTe- 
ment of the brake valve handle on the engine. 
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Q. Is the quick-action brake still in nse? 

A. Yee; all' passenger and freight cars are now equipped 
with this brake, but at present a modified form is in general 
use in passenger, mail and express service. The modified 
form is known as the high-speed brake, the operation of which 
ia described in another part of this book. 

Q. Have any modifications in the general equipment 
of the quick-action brake been made in freight service? 

A. Not in the car equipment itself aside from the addition 
of the retaining valve, and the modification of certain details 
to render the apparatus more effective for conditions now 
existing. 

Q. What changes have been made in the engine equip- 
ment? 

A. The engine equipment has been gradually developed 
to meet modern conditions. The modifications include double- 
pressure control apparatus, commonly known as schedule U, 
the duplex method of main reservoir regulation, and the com- 
bined automatic and straight-air brake, all of which are il- 
lustrated and described in detail in other parts of this book. 
Within the past three years, a complete and new engine, 
freight and passenger car equipment has been developed by 
the Westinghouse company. 

Q. What eilse has been developed along wth the air- 
brake ikpparatuB nsed in passenger service? 

A. The air signal system. 

Q. What gains over the hand brftke are made with the 
air brake? 

A. With a train of fifty modem equipped air-brake cars, 
a full and harder set brake is obtained on the entire train 
more quickly than a hand brake can be set on one car. Since 
trains handled on heavy grades have to be slowed down for 
the pnrpoM of recharging, by this means the wheels are given 
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a chance to cool. With the hand brakes used on heavy grades, 
the shoes grind against the wheels down nearly, or quite all 
the grade so that often the train is wrecked because the 
wheels are heated to so high a temperature that they break, 
especially where only part of the brakes are used, or where 
the efficiency varies greatly. Air brakes give us an increased 
speed of trains with greater safety. 
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THE WESTINGHOUSE TRIPLE VALVES 

Q. Whwe wu the difference in the oar equipment be- 
tween the 8trai£rht-air and antomatic brake made? 

A. Besides the brake pipe and brake cylinder, a plain triple 
and an auxiliary reservoir were added to the car. 

Q. With the cam equipped with the antomatic brake, 
what ^ain was made over the staiught-air brake? 

A. (1) The necessary braking power for each car, regard- 
less of the length of the train, was stored in the anxiliary 
reservoir under that car, so that the brakes could be fully set 
very quickly, as compared with the action of the straight-air 
brake. (3) If the train broke in two or a hose buret, the 
triples would automatically apply the brakes; whereaa with 
the straight-air the brakes could not be applied. 

Q- What was the essential feature of the antomatic 
brake? 

A. The plain triple valve. 

Q. Where was it located? 

A. On the car, at the junction of the brake pipe, auxiliary 
reservoir, and brake cylinder. 

Q. Did the pnmp and three-way cock remain on the 
en^e? 

A. Yes ; this was left for later development. 

THE PLAIN TRIPLE VALVE. 

Q. la the atndy of the triple valve what is the main 
thing to be home in mind in order to nnderatand its oper- 
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ation and its probable action under the many and varied 
conditions whitdi are encountered in actual snrice? 

A. In the study of the triple valre, a8 well as aJmost any 
other part of the air-brake or air-signal apparatus, a clearer 
understanding will result if one starts at a_ problem by first 
asking himself the question. Which ia tlie greater or controll- 
ing pressure acting on the part under consideration? With 
this point thoroughly understood the resultant action of the 
parts in question can be readily traced ; for instance, if a brake 
ia applied, and there is a leak in the auxiliary reservoir, we 
know that this will have the effect of lowering the pressure on 
one side of the triple piston. We then know that the tendency 
will be for the piston to move away from the greater brake 
pipe pressure, and, as will be explained later, this effect will 
cause the release of the brake in question. 

Q, Name tbe different parts of the plain triple valve, 
Figs. 1 to 4. 

A, 13 and 15 are the cut-out cock and the handle; 8j the 
graduating post; 9, the graduating spring; m and n are feed 
porta ; 6 ie the triple piston ; 6, the slide valve ; 7 is the grad- 
uating valve which works inside the slide valve; 12, a piston- 
packing ring; 18, slide-valve spring; Y, the port leading to 
the auxiliary reservoir; X leads to brake cylinder; W leads 
to brake-pipe pressure. 

Q. For what are valve 13 and handle IB used? 

A, They permit the triple to be used with the strai^t air- 
brake, automatic brake, or cut out entirely, as illustrated by 
the cut (Pig. 1). 

Q. What three positions has the handle 16 (Fig. 1)? 

A, As shown in the cut, by the different positions of the 
handle: bo that the triple would be cut in, as it is with the 
handle 15 at right angles to the triple; pointing straight down, 
■-' which case, air coming in at W from tbe brake pipe would 
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go through port e of the plugeock 13 and out into the brake 
cylinder through X; or the handle could stand at an angle of 
45°, in which position ports f, a and d would all be blanked. 
In the first position the triple is cut in for automatic, in 
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Pio. 1. — Old Style Plaib Tbiplk Valve, Release Position. 

the second for straight air, and in the third the triple is cut 
out entirely. 

Q. C&n the modern plain triple now sent out be cut 
into Btr&i^ht air? 

A. Xo. D,„„z.db,Googk 
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Q. Why not? 

A. Because, as shown in Figs. 2, 3 and 4, the handle 15 
and plog 13 are no longer naed. The cut-out cock is now- 
placed in the crossover pipe. 

Q. Wtqr was it necessary to liave it so arranged that it 
could be cut in as straight air? 

A. When the brakes were gradually being changed from 
straight air to automatic, it sometimes happened that only a 
few cars in the train had the triple applied. In this case the 
handle 15 was turned so as to cut the car into straight air 
to be used with the other straight-air cars. 

Q. Of what use are 8 and 9 (Fig. 1)? 

A. In applying the brakes, when piston 5 moves out and 
touches the stem 8, held by the graduating spring ft (Fig. 1), 
the piston is stopped, if a gradual reduction is being made 
in the brake-pipe, when the piston has drawn the elide valve 
down far enough to make a port connection between the au- 
xiliary and cylinder. 

Q. If a quick reduction is being made in the brake- 
pipe, will the spring 9 stop the triple piston? 

A. No; a quick reduction causes the triple piston 5 to 
move down quickly, and the sudden impact compresses the 
spring 9, allowing the piston 5 to move down until it strikes 
gasket 11, to what is known as emergency position, 

Q. 5 (Fig. 1) is CEdled the triple piston. How is it 
actuated? 

A. Brake-pipe pressure is on the lower side of the piston 
and auxiliary pressure on the upper or slide-valve side. 
It is by changing these pressures that the piston is moved. 

Q. What are the duties of the piston as it moves? 

A, To open and close the feed ports m and n (Fig. 1) 
through which the brake-pipe pressure flows into the auxil- 
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iary reservior, to move the graduating valve 7 and the slide 
valve 6. 

Q. Wl^t is the duty of the efradustin; tsIto 7 
(Tig. 1)7 



Fig. 2. — Plain Triple Valvb, Sebvice PoamoH. 

A, It is the small valve inside the slide valve, and ita 
duty as it is moved downward and upward by the triple 
piston is to open and close the port p through which, in the 
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service application, auxiliary-reeervoir pressure flows to the 
brake cylinder, 

Q. Does the graduating valve move every time the 
triple piston moves? 



PiQ. 3. — Plain Teiple Talve, Lap PosiTioir. 

A. Yes, because it is fastened to the stem of the piston by 
a pin which passes through both the graduating valve and 
[he stem of the triple piston. The pin is represented by 
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the dotted lines nummg through the lover end of th« 
gradnating valve at right angles to it. 

Q. Could we get along without the gradoatins vaWe? 

A. Yes, but the Bensitivenesa of the triple would be de- 



Q. How does the gradaating valve make the triple 

sensitive? 

A. A reduction of brake-pipe preesure causea the triple to 
assume service position, and after the auxiliary pressure has 
expanded to a trifle below that in the brake-pipe, piston 5 
(Fig. 3), moves up and closes the graduating valve on its 
seat. Brake-pipe pressure had simply to overcome . the fric- 
tion on the triple piston-packing ring to do this, but had we 
no graduating valve the brake-pipe pressure would have had 
to be strong enough to overcome the additional friction of 
the slide valve to move it back far enough to close port p. 
When wishing to apply brakes harder, a heavier reduction 
would be necessary to again move the slide valve to service 
position. By the use of tlie graduating valve, the slide valve 
ia moved to service position with the 6rst reduction, where 
it remains until the brake is released or in case the emergency 
is used. 

Q. What are the daties of ttie slide valve? 

A. In the plain triple, when moved by the triple piston, 
it serves to make a connection between the auxiliary-reservoir 
and the brake cylinder or between the brake cylinder and the 
atmosphere. 

Q. Does the slide valve move every time tba piston 
mores? 

A. No; the elide valve will not move when the piston 
starts down until it has moved far enough for the lug just 
above 18 (Fig. 1) to strike the valve. Also, if the piston 
ii down full stroke ; when it starts back the slide valve will 
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not move tintil the piston has gone back far enough to eeat 
the graduating valve. 

Q. Of what use is the eprvag 18, Tig. 1? 

A. Its duty ia to hold the slide valve on jte Beat and t^ 
prevent dirt from collecting there when there is no auxiliary- 
reservoir pressure to hold the valve ou its seat, as when the 
car is "dry." 

Q. What is the difference in the four triple valves 
•shown in Figs. 1, 2, 3, and 4. 

A. They are all plain triple valves, but the one showing 
release position is the older type which could be cut into 
straight air. The other three represent the modem valve 
which is cut out or in by means of a cutout cock placed in the 
cross-over pipe between the drain cup and triple valve. 

FUNCTION'S OF THE TRIPLE VALVE IN THE 
OPERATION OF THE BRAEE. 



Q. Whj is this valve called the triple valve? 

A. Because it automatically does three things : charges the 
auiiliary-reservoir, applies the brake, and releases it, 

Q. If an engine oonples to a car that is not charged, 
how does the triple charge the auxiliary reservoir on the 
car when the hose is conpled and the angle cocks turned 
so as to allow the compressed air to flow into the brake- 
pipe on this car from the engine? 

A. A cross-over pipe from the brake-pipe couples to the 
triple at W (Fig. 1.) The pressure from the brake-pipe passes 
into the triple at W, through port c as indicated by the arrow 
into cavity B; thence through the feed ports m and n into the 
chamber where the slide valve moves and out into the auxil- 
iary-reservoir at Y. t- I 

■' Digilizcdt^LiOOgle 
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Q. How long does the air continue to flow into the 
auxiliary reservoir? 

A. Just as long as the brake-pipe pressure is greater than 
that in the auxiliary, that is, until the pressures are equal on 
the two sides of the triple piston 5, 

Q. How are the two sides of the piston referred to? 

A. The lower side, having pressure on it, is called the 
brake-pipe side of the piston, and the upper side, having aux- 
ilary-reservoir pressure on it, the auxiliary or slide-valve 
side, 

Q. What is necessary to oanse piston B (Fig. 1) to 
moye from release position? 

A. Any reduction of brake-pipe pressure; a break in the 
hose; the use of his valve by the engineer to make a brake- 
pipe reduction. 

Q. If a reduction of brake-pipe pressure is made, how 
does the triple respond? 

A. Auxiliary- reservoir pressure now being greater forces 
the triple piaton down. 

Q. What two things does the piston do when it starts 
to move down? 

A. It closes the feed grooves m and n and moves the grad- 
uating valve from ita seat. 

Q. Does the slide valve move as soon as the piston? 

A. No, not until the lug above 18 (Fig. 1) ia drawn down 
far enough to rest against the slide valve. 

Q. What does the slide valve do as soon as the lug 
strikes and moves it down? 

A. It first closes the «xhaust port g which in release posi- 
tion connected the brake cylinder with the atmosphere through 
^'d, e,f, g. h and k. 
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Q. How far down does the triple-piston travel? 

A. Until the projecting stem of the piston gtrikes the itom 
3 held by the graduating spring 9 (Fig. 3). 



Fm. 4. — Plain Triple Valve, EjuEecERcr Posmon. 

Q. When these stems tonch, how does the slide tsIto 
stand? 

A. Port p of the slide valve is in front of port /, and,, aa 
the graduating valve was pulled from its seat when the pia- 
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ton first moved, the auxiliary-reservoir preMure is now free 
to pass into the slide valve through port ?, called the eervice or 
graduating port, which leads into port jt. The air passes 
throught porta /, p, p, f, f, and out throught X to the brake 
cylinder. 

Q. How long does the graduating: valre remain off its 
seat so as to allow auxiliary reserroir presBnre to flow to 
the brake cylinder? \ 

A. We reduced the brake-pipe pressure to allow the greater 
aaxiliary-reservoir pressure to move the piston down and open 
the service or graduating port p between the auxiliary and 
cylinder. Just as long as the auxiliary pressure is greater, the 
piston will stay down and the graduating valve remain un- 
seated. As the auxiliary pressure expands into the brake 
cylinder it gradually becomes less until, when the brake-pipe 
pressure becomes enough greater than that in the auxiliary to 
overcome the friction on the packing ring 12 (Fig. 3), the pis- 
ton automatically moves back and seats the graduating valve. 

Q. Does the slide valve move? 

A. No, not now. 

Q. Why not? 

A. The brake-pipe pressure was just strong enough to over- 
come the friction on the packing ring 12, move the piston 
back, and close tlie graduating valve. With the ports all 
closed, the piston would also have to compress the air in the 
auxiliary to go back any farther. Then, too, the pressure 
left in the auxiliary-reservoir, acting to force the slide valve 
on its seat produces a friction, if the valve were moved that 
the brake-pipe pressure as it stands is not sufficiently strong 
to overcome. 

Q. Bow do the snxiliary reservoir and bralce-pipe pres- 
sures now stand? 

A. Practically equal although the auxiliary pressure had 
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to be a trifle less to allow the triple piston to be moved back 
sufficiently to seat the graduating valve. 

Q. The brake is now partially applied and the triple 
is on what is termed lap position; what must he done to 
apply the brake harder? 

A. Another reduction of brake-pipe pressure must be made. 

Q. How does this set the brake tighter? 

A. The auxiliary pressure once /more being greater than 
that in the brake-pipe forces the triple piston down until it 
is again stopped by the graduating post. This movement is 
just sufficient to unseat the graduating valve the slide valve 
remaining where it was with its service port p (Fig. 2) in 
front of that to the brake cylinder. About the same amount 
of air pressure passes from the auxiliary to the cylinder that 
was taken from the brake-pipe and the piston once more hav- 
ing a trifle more pressure on the brake-pipe than on the auxil- 
iary side moves back sufficiently to seat the graduating valve. 

Q. How long can these brake-pipe reductions continue 
to be made and cause the brake to set harder? 

A. Until the pressures have finally equalized between the 
auxiliary-reservoir and tlie brake cylinder. 

Q. After the auxiliary and brake-cylinder pressures 
were equal, would the brake set any busier if all brake- 
pipe pressure were allowed to escape to the atmosphere? 

A. No; when the brakes are fully set the auxiliary-reser- 
voir and hrake-eylinder pressures are equal, and a further re- 
duction of brake-pipe pressure would only be a waste of air 
that the pump would have to replace to release the brakes, 

Q. If a further brake-pipe reduction were made after 
the brake was fully set, would piston 5 (Fig. 1) move any 
farther than until the piston and graduating post 
touched? 

A. Yes; the spring 9 could not withstand the auxiliary- 
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reservoir pressure, as it is so much in excess of the reduced 
brake-pipe pressure, and the piston would move dovn until 
it seated on gasket 11. In this position there would be a direct 
connection by the end of the slide valve between the ausiliary- 
reservoir and brake cylinder, but the brake would not set any 
tigliter, as the auxiliary-reservoir, and brake-cylinder pres- 
sures were already equal. 

Q. The brake is now fully set. What is necessary to 
release it? 

A. It is necessary to get the pressure on the brake-pipe side 
of the triple piston greater than that on its auxiliary-reser- 
voir side. 
Q. How. is this done? 

A. By moving the handle of the engineer's valve so as to 
connect the pressure, stored in the lai^ main reservoir on the 
engine, with the brake-pipe. Air flowing from the main res- 

I ervoir into, the brake-pipe causes the pressure on the side of 
the triple piston to be sufficiently strong to overcome anxilary- 
reservoir pressure and force the triple piston to release posi- 

' tion. 

' Q. When the triple is forced to release position the 

I slide and gfradoating valves are carried with it. What 
two port openings are made in this position? 

A. One between the brake-pipe and auxiliary-reservoir 
through the feed ports m and n (Pig. 1) ; and one from the 
brake cylinder to the atmosphere through ports d, e, f, g, h 

' and it. The triple is in release as shown in the cut. 

Q. We notice that the feed grooves m and n (Fig. 1) 

I are very small. How lon^ would it take to charge an 

I auxiliary reservoir from zero to seventy pounds with a 

' constant pressure of seventy pounds in the brake-pipe, 

j using the triple now sent out? 

' A. About seventy seconds; and occasionally a little longer. 
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Q. Will it cliarg:e more quickly than this with a 
greater pressnre than seventy pounds in the brake-pipe? 

A. Yes. 

Q. Had we a train of fifteen cars, could we charge the 
fifteen auxiliary reservoirs as fast as we could one? 

A. No, because we now have fifteen feed grooves in the 
triples drawing air from the brake-pipe, and the pump cannot 
compress air fast enough to keep the brake-pipe pressure at 
seventy pounds. 

Q. Why not make these feed grooves larger so as to 
charge the auxiliary reservoirs more quickly? 

A. The purpose is to make the grooves suERciently small 
that on a long train the auxiliaries will charge as nearly as 
possible alike. On a long train there is a tendency for the 
head auxiliaries to charge much faster than the rear ones, if 
the triple feed grooves are larger than those now uped. 

Q. What is likely to happen if some auxiliary reser- 
voirs charge faster than others? 

A. As the air is fed from the main reservoir back into the 
brake-pipe until those pressures are equal, and as the pump 
will not, on a long train, supply air as fast as the triple feed 
grooves take it from the brake-pipe, it follows that the auxil- 
iaries which charge the slower will continue to feed from the 
brake-pipe and cause a reduction that will set some of the 
head brakes. 

Q. So far we have spoken of the action of the plain 
triple only in the service application. What is the differ- 
ence in the action between the service and the emergency? 

A, In service the brakes set gradually while in emergency 
they go on very suddenly. 

Q. A gradual reduction sets the brakes in service. 
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Wliat kind of a redactiod is necessary to set the brakes 
in emergency? 

A. A sudden reduction. 

Q. Describe the emergency action of the plain triple. 

A. The suddenness of the brake-pipe reduotion causes piston 
5 (Fig- 4) to move down suddenly, striking the stem 8 a 
quick, sharp blow which the graduating spring 9 is not stiff 
enough to withstand. The piston travels down full stroke 
and bottoms on gasket 11. This is emergency position, and 
the slide valve has been drawn down so that air coming 
througli Y from the auxiliary- reservoir passes by the end of 
the slide valve directly into the large port f leading to the 
brake cylinder witliout first going through the small service 
port p in the slide valve, as it did in the service position. 

Q. Why does the brake set more quickly? 

A. Because the air goes directly to the cylinder through 
a larger port than is used in service, 

Q. Do we gain any more pressure with the plain triple 
in emergency than in fnll service? 

A. Xo ; in both cases the auxiliary-reservoir pressure equal- 
izes with that in the brake cylinder, but in emergency these 
pressures equalize more quickly because of the air reaching 
the brake cylinder through a larger port. 

Q. Are plain triples still used? 

A. Yes, but tliey are used almost entirely on engines and 
tenders. Their use on cars is confined principally to a very 
few of those equipments put on before the quick-action triple 
was introduced. 

Q. Where triples are used, is a plain triple' valve 
always used on tendeni? 

A. No; the present practice is to use a plain triple valve 
on the tenders of freight and switch engines; on the tenders 
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of passenger engines a quick-actien triple valve is b"<tig used 
more generally. 

Q. What has led to the ose of a qiuok-actioii valve on 
pasBenger-engine tenders? 

A. The general introduction of the high-speed brake in 
passenger, mail, and express service ia reBponaible for this 
practice having become general, although some roads have 
been using quick-action triples on their tenders in both 
freight and passenger service for some time. The quick-action 
triple on the tender is especially desired to help carry a sud- 
den reduction through the second engine in an emergency ap- 
plication when double -heading. 

Q. Is present equipment being fitted with plain or 
qniok-action triple valvesi 

A. Neither, the ET engine and tender equipment is being 
almost exclusively applied. 

QUICK ACTION TRIPLE VALVK 

Q. When and hj whom was the quick-action triple 
Invented? 

A. In 1887, by George Weetinghouse. 

Q. We have already had the plain triple valve. Why 
was the qnick-action triple valve necessary? 

A. The plain triple valve was satisfactory so long as only 
the service application was used, but not so with the emer- 
gency application on a long train. In this latter ease the 
head brakes were fully set so much sooner than those on the 
rear, that the slack of the train ran ahead and often did 
great damage. 

Q. What two important advantages are gained by the 
quick-action triple valve? 

A. We are enabled by the quick-action feature to set the 
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brakes throughout the train before the slack has a chance to 
ruQ ahead and do damage, and not only does the brake set 
more quickly in emergency, but it is also set harder, thus per- 
mitting a quicker stop and a higher safe speed for trains. 



Pio. 6. — Quick-Action Tbifuc Valve, Release Positiom. 

Q. In the use of the service application, what is the 
difference between the action of the plain and the quick- 
action triples? 
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A. None whatever; their action and the parts employed 
are identical, excepting the additional ports placed in the 
slide valve of the quick-action triple, which are need only in 
emergency. 



Pio. 6.— Quick-Action Triple Valve, Sebuce Posmos, 

Q. Will these two kinds of triples Mattered throngh 
a train work together properly in serrioe? 

A. Perfectly. (-/.ooqIc 
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Q. Kame the different parts of the qnich-action triple 
not found in the plain triple. 

A. The atrainer 16 (Fig. 5). The additional port 



Pio. 7. — Quick-Action Tripu: Valve, Lap PosmoH. 

8 in the slide valve and the removed comer of the slide valvt 
shown in Fig. 10. 8 is the emergency piston. 10 is the a 

emergency or, as it is more commonly called, the rubber-seated * 
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valve. 15 is called the brake-pipe check, also the emergency 
check. 

Q. Of wliat use is the Btrainer 16, Fig. 6 ? 

A. Strainer 16 is to keep dirt from getting into the triple 
in such a way as to close the small feed ports t and k. 

Q. Of what use is piston S? 

A. If the triple is moved so as to allow auxiliary-reservoir 
pressure to get into port t on top of piston 8, this piston will 
be forced down, thereby forcing the emergency valve 10 from 
its seat. 

Q. What ia done when the mbher-seated or emergency 
Valve 10 (Fig. S) is forced from its seat? - 

A. All air escapes from cavity Y and allows brake-pipe 
pressure to force the brake-pipe check 15 from its seat. 

Q. Of what use is the check valve 157 

A. If a hose breaks in the brake-pipe, the brakes would 
fully apply on the whole train and, with no air in the brake- 
pipe, were it not for the check valve 15, brake-cylinder pres- 
sure coming in at c would force valve 10 from its seat and 
pass directly to the brake-pipe through cavity Y and out of 
the broken or parted hose releasing all of the brakes. 

Q. Exptein the action of the qnick-action triple In 
emergency. 

A. A quick brake-pipe reduction causes the auxiliary pres- 
sure to force the triple piston out the full length of chamber 
k (Fig. 8), the graduating spring 22 being compressed on ac- 
count of its inability to withstand the sudden blow from the 
triple piston. 

With the triple piston in the extreme position t« the left, 
or that of emergency, port s of the elide valve is in front of 
port r, thus establishing a connection between the auxiliary 
and brake cylinder. At the same time the removed comer of 
the slide valve, shown in Fig. 10, is in front of port t leading 
to the top of the emergency piston 8. The auxiliary pressure 
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forciDg piston 8 down unseata the emergency Yalve 10, Thia 
valve being unseated allows all presaure to escape from cav- 
ity Y. With no presBure in cavity Y to hold the brake-pipe 
check to its seat, the brake-pipe pressure under the check 
raises it and passes into cavity Y over seat of valve 10 to cav- 
ity X and out at c into the brake cylinder ; at the same time 
the auziliaiy pressure is entering the cylinder through port r. 
As soon as the pressures equalize, piston 8, valve 10, and 
check 15 go to their normal positions. 

Q. Of what hm are Figs. 9 and 10? 

A. Fig. 10 gives a better idea of the location of the ports 
in the shde valve; Fig. 9, the location of the ports in the 
bushing inside of which the slide valve works. 

Q. Name the parts. 

A. 36 (Fig. 5) is the drain plug; 16, the brake-pipe strain- 
er; 20, the graduating nut; 21, the graduating stem or post; 
S3, the graduating spring; 4, the triple piston; ;', the piston 
stem; i and k, the feed porta; 6, the slide-valve spring; 3, 
the slide valve; 7, the graduating valve; iv, the service or 
graduating port; n, the exhaust port; s, the emergency port; 
3, a continuation of the service port w; 15, the brake-pipe or 
emeigency check; 12, the brake-pipe check spring; 10, the 
emergency or rubber-seated valve; 8, the emergency piston. 
The ezhanst port p leads around outside the brass bushing 
to the atmosphere as shown in Fig, 9 by the dotted lines. 

Q. What views do Figs. 5 to 8 represent? 

A. The triple valve in its four positions: release, service, 
lap, and emergency positions. 

Q. Wfl liave seen that with the qnid:-action triple the 
brgjies are set harder in emergency. Are brakes set in 
emergency any harder to release? 

A. They are with quick-action triples only. 

Q. Why?^ 

A. With the quick-action triples air from the brake-pipe 



■12 Air-Brake Catechism 

helps set the brakes in emergency, and the pressures equalize 
higher; therefore the brake-pipe pressure must be made high- 
er to overcome the auxiliary-reservoir pressure and force the 
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triple piston to release position. With the plain triple the 
pressures equalize at the same pressure as in service. 
Q. In Fig. 6 a packing ring 31 is shown in the emerge 
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ency piston. Is this ring found in all qnick-action triple 

valves? 

A. It is in all modem passenger triples but not in freight 
valves. The amall port in piston 8 is also found in pas- 
senger valvoa only. 



FjQ. 9. — Slide Valve Bushing. 

Q. After a partial service application has been made, 
can we get the quick-action? 

A. This depends on the amount of reduction that has 
been made in service and upon the piston travel. In no case 
can we gain as much after making even a small service re- 
duction as we could if the sudden reduction were made when 
the auxiliary-reservoirs were fully charged and the brakes 
released. 




Fio. 10. — Slide Valve. 



After a light reduction a gain over the pressure obtained 
ia full service can be made by going to emergency position 
if the piston travel is a fair length, but not with short travel. 

By using the emergency after a partial service applies- 
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tion, even we made no gain of pressure, -we would get the 
full service more quickly. 

Q. How quick must a reduction be made in the brake 
pipe to throw a triple into quick-action? 

A. Faster than the auxiliary-reservoir pressure can get to 
the brake cylinder through the service port in the slide valve. 
In this case the graduating spring will not hold the triple 
piston from traveling full stroke. . 

Q. When a triple is thrown into quick-action which 
pressure, auxiliary reservoir or brake pipe, reaches the 
brake cylinder first? 

A. Just a flash of auxiliary-reservoir pressure reaches the 
cylinder as the service port in the slide valve passes the port 
leading to the cylinder, hut the air from the hrake-pipe reaches 
the cylinder first in any conBiderahle volume, as the comer 
cut off from the slide valve allows the auxiliary-reservoir pres- 
sure to strike piston 8 and force the rubber-seated valve 10 
from its seat before port s comes in front of port r. 

Q. Why is port s (Figs. 8 and 10), used in emergency, 
made smaller than port z, used in service, to let auxiliary 
reservoir pressure into the brake cylinder? 

A. So as to hold the auxiliary-reservoir pressure back in 
emergency and allow as much air as possible to enter the brake 
cylinder from the brake-pipe. 

PECULIAHITIE3 AND TROCBLES OP THE QOICX-ACTION 

Triple Valve, 

From what follows it may seem that a triple will get out of 
order under the slightest provocation. Thia, however, is not 
true; it ip a constant source of wonder to see the flue action 
of triple valves which have little or poor care. A triple needa 
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no more care than any other piece of mechaiiisin to keep it 
doing firet-class work. The aim of what follows is to bring 
out its possibilities. 

Q. What could wholly or partially stop the ohargisfr 
of an anziliajy rewrvoir? 

A. The strainer in the brake-pipe where the cross-over 
pipe leading to the triple joins the main brake-pipe, or the 
strainer 16 in the triple (Fig. 5) being filled with dirt, scale, 
cinders or oil. Port i or ifc might be plugged, the triple might 
be cut out, or there might be a leak in the ausiliary-reservoir 
which let the air ont as fast as it came in. 

Q. If all auxiliary reservoirg did not charge equally 
fast, what would he the effect? 

A, If we wished to apply the brakes very soon, the ones 
with the auxiliary-reservoirs not fully charged would not re- 
spond to the first reduction if light. 

Q. Occasionally after coupling np the hose in a train 
it is fonnd that the brake on a car will not apply in re- 
sponse to a reduction of brake-pipe pressure. What might 
be the trouble other than those jnst described? 

A. It sometimes happens that the switch crew is respon- 
sible for such an occurrence. Sometimes when an air train 
is brought into a yard and the yard crew is in a hurry to 
"drill" the train with an engine not equipped with air, they 
do not always bleed the train in the proper manner. In- 
stead of opening an angle cock and then bleeding all the 
reservoirs by hand, they put a piece of coal or wood tinder 
an arm of the auxiliary-reservoir release valve to do the work 
of holding the valve from its seat. In this way they save 
time for themselves but are a source of considerable bother 
to the ones who inspect the train. On account of the air 
escaping through a comparatively large port, the leakage 
is not always detected without a careful examination. - -^ 
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Q. Will any other trouble result from the strainers 
bein^f corroded or iiitjt 

A. Yes; we might not be able to make a suffieiently qiii<^ 
reduction on the triple piston to get quick-action. 

Q. One triple going into qnick-action makes a snd- 
den brake-pipe reduction which starts the neiil; triple, 
and that one the next, and so on ttarooghont the train. 
If five or six cars together in the train were cnt oat, or 
ha4 plain triples, or very dirty strainers, woold the triples 
back of these go into quick-action when the enstneer 
made a sudden reduction? 

A. No, on account of the resistance of friction to the pas- 
sage of the sudden reduction through the six car lengths of 
pipe. The friction gradually destroys the suddenness of the 
reduction, and there is only a slight and gradual reduction, 
in the brake-pipe back of the cars cut out, 

Q. What bad effect would follow if the engineer did 
not continue making a reduction? 

A. The air coming ahead from the back of the train would 
release the head brakes. 

Q. Could these brakes in the back of the train be ap- 
plied? 

A. Yes, in service hut not in emergency, 

Q. Water sometiines collects in cavity 13 (Fig. 6) of 
the triple. Where does it come from? 

A. It comes into the brake-pipe as vapor in the air, and 
condenses whenever a sudden drop in brake-pipe pressure oc- 
curs. 

Q. What bad effect will water have in this place? 

A. It is likely to freeze in winter and block the flow of air 
through the triple. 

Q. What should be done in such a case? 

A. Apply burning waste and when thawed remove the 



Quick-Action Trifle Valvb 47 

drain plug 26 to remove the water or the trouble will recur. 
Q. Wliat would be the effect of a weak or broken 
graduating: spring? 

A. We would have nothing to stop the triple piston when 
it reached service position, and it would move on to emergency 
position. 

Q. If one triple goes into quick-action, will the rest go? 

A. Yea. as a sudden reduction is made on the brake-pipe 
through the emergency ports of the triple in this case. This 
sudden reduction starts the next and that the next and so on. 

Q. Will a weak or broken graduating sprini; always 
throw the triples into quick-action? 

A. No, only on a short train. 

Q. Why not on a long trun? 

A. On a short train, with a gradual brake-pipe redaction, 
air is drawn from the brake-pipe faster than the auxiliary 
reservoir pressure can get to the brake cylinder through the 
service port of the slide valve. When the auxiliary-reser- 
voir pressure is enough greater than that in the brake-pipe, 
it forces the triple piston to emergency position, as there 
is no graduating spring to stop it. 

On a long train, it takes longer to make a corresponding 
reduction on account of the larger volume of air in the brake- 
pipe. This gives the auxiliary-reservoir pressure longer to 
pass into the cylinder, and as a result the brake-pipe and 
auxiliary-reservoir pressures keep about equal and the triple 
piston will not move to emergency position unless a sudden 
reduction is made. 

Q. How many air cars must there be in a train so that 
a broken or weak graduating spring will not affect the 
service application? 

A. Usually not less than six or seven; with more than 
this number, if otherwise the triples work properly, the grad- 
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uating springs could be removed from all triples and no bad 
effect be noticed. 

Q. What two ibmga will oaase the triples to go into 
qniok-afltion regEirdleBS of tlie length of the train? 

A. A sticky triple or a broken graduating-valve pin. (The 
one which fastens the graduating valve to the piaton stem 
as shown by the dotted lines, Fig. 5.) 

Q, Wh7 will a sticky triple throw the brakes into 
emergency? 

A. Because the triple does not respond to a light reduc- 
tion. When it does move it jumps, and the sudden blow 
compresses the graduating spring and the triple is in the 
quick-action position. This car starts the rest as befpre 
explained. 

Q. Why will a broken graduating pin throw the 
toakes into emergency? 

A. Because with this pin broken there is nothing to move 
the graduating valve from its seat when the triple piston 
moves and the auxiliary-reservoir pressure is acting to hold 
it on its seat. When a brake-pipe reduction is made and 
the triple assumes service position, no air can leave the auxil- 
iary-reservoir and pass through the graduating or service port 
of the slide valve, as the graduating valve is on its seat. When 
sufficient brake-pipe reduction has been made so that the 
grflduating spring cannot withstand the auxiliary-reservoir 
pressure acting on the piston, the triple goes to the quick- 
action position, and we get the quick-action on this car and 
consequently on the rest as before explained. 

Q. Which of these three troubles — weak graduating 
spring, broken graduating pin or sticky triple— will 
usually be found to exist if the brakes go into emergenoy 
with a service reduction? 

A. A sticky triple, and this usually means that ^ triple 
causing the trouble has had poor care.. t,,uo»,>k 
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Q. Shffll wa fet the same result reffftrdless of the keft- 
tion of the faulty triple in the train? 

A. Yes; if one starU, all do. 

Q. What is the proha,hle trouble with a brake wfaidh, 
when set in lerrice, will sometimes remain set and some- 
timei release? 

A. A dirty elide valve which Bomctimes seats properly and 
at others not; in the latter case auxiliary-reservoir pressure 
escapes to the atmosphere through the exhaust port and al- 
lo«re brake-pipe pressure to force this triple to release position, 

Q. How m^ this defect be remedied? 

A. Bemove the triple piston and attached parts, clean care- 
fully, loosen the packing ring without removing and nib a 
little oil on the slide valve with the finger. 

Q. Why not pour on the oil? 

A. Too much oil is bad, as it collects dust, which with the 
oil forms gum. This causes a triple to stick. 

Q. What efTect will a moderate leak in the brake pipe 
have if the brakes are not set? 

A. It wiU simply cause the pump extra work to supply it. 

Q. What effect if the brakes exe set? 

A. It will cause them te apply harder. 

Q. Will the leak oanse otlj the brake on that car to 
leak on, or tJl? 

A. All, as the brake-pipe is continuous through the train. 

Q- What effect will a leak in an auxiliary reservoir 
have if a brake is released? 

A. It will keep the pump at work the same as a brake-pipe 
leak. 

Q. What effect if the brakes are applied? 

A. It will leak the brake off ou the car where the leak is 
and, then, drawing air from the brake-pipe through the feed 
ports, it will gradually set the other brakes tighter. 
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Q. Th«re are a nvmtwr of leaks in the triple which 
will oanse a blow at its exhaust port. Name the two most 
lifce^ to prodaoe this effect. 

A. A leaky elide valve or a leaky rubber-seated valve (Fig, 
5). 

Q. How can we tell which of these is oaiuiiig the 
trouble? 

A. As the exhaust port in the slide-valve seat is always 
in commuDicatioD with the atmosphere, whether the brakes 
are applied or released, a leak by the face of the slide valve 
will cause a constant blow. 

Q. How else can we tell if it is the slide valve that 
causes the trouble? 

A. Apply the brake, and if auxiliary-reservoir pressure is 
leaking away under the slide valve, the brake will generally 
release, 

Q. How can we tell if the trouble is with the rubber- 
seated valve? 

A. The rubber-seated valve will cause a blow at the ex- 
haust only when the brake is released, 

Q. Why? 

A. The rubber-seated valve 10 (Fig. 5) leaking will allow 
the pressure to leave cavity Y. The brake-pipe pressure then 
raises check 15 and passes through cavity Y past the rubber- 
seated valve, through cavity x, ports c and r, into the exhaust 
cavity n of the slide valve and out to the atmosphere through 
port p. When the brake is applied, port n in the slide valve 
is closed to port r, consequently the blow stops. 

Q. Where does the air which is leaking^ past the rub- 
bw-seated valve go after the brake is applied? 

A. Direct to the brake cylinder through c, and this brake 
continues to set harder. 
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Q. Why is a leal^ rnbber-seated valre more likely to 
slide the wheels on a oar in a long train than in a short 
one? 

A, After the brakes are applied, this leak allows the brake- 
pipe and brake-cylinder pressures to eq^ialize. With a long 
brake-pipe there is a much greater volume of air, and these 
pressures will equalize higher. 

Q. How else can we tell if the mbber-seated valve 
leaks? 

A. Turn the cut-out cock in the cross-over pipe from the 
brake-pipe to the triple after everything is charged: if the 
nibber-eeated valve leaks, it will draw air from the brake- 
pipe; with the cut-out cock closed, this leak ia not^being sup- 
plied, and the reduction wiU cause the brake on this car to 
apply. 

Q. Give anotiier symptom which indicates a leaky rub- 
ber-seated valve. 

A. The leak above the check 15 caused the check to rise to 
supply it, and when tlie cavity is again charged the check 
closes. It sometimes rises and closes so fast as to make a loud 
buzzing sound. 

Q. What is usually the cause of leaking in a rubber- 
seated valve? 

A. Dirt on the seat, a poor seat caused by wear, the use of 
oil on the quick-action part of the triple, or using too much 
oil in the brake cylinder, which will work into the triple and 
cause the rubber to decay. 

Q. If dirt is the source of the trouble, how may it be 
removed without taking the triple apart? 

A. Set the brake by opening the angle cock after dosing 
the cock at the other end of the ear. If there is dirt on the 
valve, it may be blown off in this way. 
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Q. What besides the slide and mbber-aeated valvei 
will cause a blow at the ezhanat port of the triple? 

A. Gasket 14 (Fig. 5) leaking between e and cavity 2, 
or the gaaket leaking between the brake cylinder and auiil' 
iary-reservoir where the triple ie bolted to the cylinder. On 
freight eqaipnienta there is a pipe which mna inside the 
aujciliary to the brake cylinder; this pipe leaking will also 
cause a blow. 

Q. Are these leaks oomnum? 

A. On the contrary they are very tincominon. The blow 
is almost invariably due to a leaky slide or emergency valve. 

Q. What effect would the leaking of graduating valve 
7 (Fig. 5) have? 

A. The action produced by such a leak is uncertain, and 
depends greatly on the conditions connected with it. When 
the brake is applied, the triple assumes lap position after the 
auxiliary-reservoir pressure is a trifle less than that in the 
brake-pipe. If the graduating valve leaks, the auxiliary-res- 
ervoir pressure gradually reduces, and the brake-pipe pressure 
forces the triple piston and slide valve back until the blank 
on the face of the slide valve between ports z and fi is in front 
of port r. If the graduating valve does leak, no more air can 
leave port z in this position, and the elide valve stops. This 
blank space is only a trifle wider than port r, so if the valve 
is in good condition and Works smoothly, the brake should 
not release; but if it works hard, it is likely to jump a little 
when it moves, and open the exhaust port. 

Q. Give a rule by which to tell how a leaky graduat- 
ing valve wiU act. 

A. If the triple is in proper condition, a leaky graduating 
valve should not release a brake. If the triple is a trifle sticky, 
a brake is likely to he released. A leaky slide valve or a 
slight auxiliary-reservoir leak in combination with a leaking 
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graduating valve will' release a brake. The action also de- 
pends upon the condition of the triple-piston packing ring 
which if comparatively loose will permit brake-pipe pressure 
to feed into the auxiliary-reservoir as fast as its pressure es- 
capes. If brake-pjpe and auxiliary-reservoir pressures remain 
equal, the triple piston la not aSected, and the leakage by 
the graduating valve would not release the brake. 

THE TYPE "K" TRIPLE VALVE. 

Q. What does Fig. 11 illustrate? 

A. Fig. 11 illustrates the impreved K triple valve which 
is now superseding the former quick-action triple valve in 
freight service. 

Q. Does this triple valve differ any in principle of 
operation Arom the old standard valve? 

A. No; it operates on the same principle, that is, a re- 
duction of brake-pipe pressure causes the brake to apply and 
an increase of brake-pipe pressure causes it to releaae. 

Q. Wliat are the important advantages of the im- 
proved valve over the old? 

A. With the improved valve a portion of the brake-pipe 
air is vented to the brake cylinder in each service application ; 
this causes a quicker fall of presaQre in the brake-pipe 
throughout the train and hence a quicker serial application 
of the brakes than is now obtained with the older form of 
triple. In the release of the brakes on long trains those on 
the front portion may be held applied until' those in the rear 
have been released; this action causes the slack to settle in 
instead of stretching out, which latter action tends to break 
the train in two. There is also a uniform recharge feature 
by means of which the recharge at the head end is slowed 
up. This makes available a greater amount of air with which 
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to release and recharge the brakes at the rear of tlie train; 
it also does away with the overcharge of the auxiliary reser- 
voirs at the front of the train, which overcharge usually 
results in the reapplieation of the brakes near the engine 
when tlie brake valve handle is moved to running position. 
The reapplieation wastes air and overheats wheels because 
of extra amount of work performed. . 



Fig. 11. — K Thiplb Valve — Eitebiob Vibw. 

Q. What other advanta^ are obtained with the K 
triple? 

A. There is a large saving in the quantity of air used 
which resulta in less pump labor, the braies apply more uni- 
formly and with greater certainty on the longest trains and 
with any service reduction desired. In heavy grade work 
there is mlich less chance for the engineer to "lose his air" 
and of the train running away in consequence. 

Q. In the emergency application of the brake is thtm 
any advantage of the new triple valve over the old? 

A. The emergency feature of the triple has not been 



Type "K" Tbiple Valve 65 

changed and the reeultB that can be obtained with the valves 
are practically identical. 

Q. In service application nsing a brake-pipe pressure 
of 70 pounds, how moch rednction is necessary to set the 
brakes in full? 

A. About 17 pounds, 3 pounds less than with the standard 
triple. 

Q. Will these triples give satisfactory resnlts in brak- 
ing when intermingled in any considerable nuaber with 
the older triples? 
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A. Yes, and on long trains they will very materially im- 
prove the action of the older triple. 

Q. What do«8 Fig. 12 reinresent? 

A. It ifl a vertical cross section of liie K triple representing 
the interior construction. 

Q. What are the names of the different parts of the K 
triple aa nornhned on this oat? 

A. 3, Valve Body; 3, Slide Valve; 4, Main Piston; 5, 
Main-Piston Packing Ring ; 6, Slide- Valve Spring ; 7, Grad- 
uating Valve; 8, Emergency Piston; 9, Emergency-Valve 
Seat; 10, Emergency Valve; 11, Emergency-Valve Eubber 
.Seat; 12, Check-Valve Spring; 13, Check-Valve Case; 14, 
Check-Valve Case Gasket; 15, Check Valve; 16, Air Strain- 
er; 17, Union Nut; 18, Union Swivel; 19, Cylinder Cap; 80, 
Graduating Stem-Nut; 31, Graduating Stem; 23, Graduating 
Spring; 3, Cylinder-Cap Gasket; 34, Bolt and Nut; 35, Cap 
Screw; 26, Drain Plug; 37, Union Gasket; 38, Emergency- 
Valve Nut; 39, Retarded-Release Stem; 33, Retarded-Release 
Spring Collar; 33, Retarded-Release Spring; 34, Retarded-Re- 
lease Stem Pin; 35, Graduating- Valve Spring. 

Q. What is r^resented in Fig. 13? 

A, A face view of the graduating valve, a face view and a 
top view of the slide valve, and a view of the slide-valve 
bush, with their ports, cavities, etc., arranged as actually con- 
structed. 

Q. What is r^tresented in Figs. 14 to 18 inclnrave? 

A. These figures are diagrammatic drawings intended to 
show clearly the relation of the various ports and passages in 
the different operative positions of the valve. 

Q. Explain the operation of the triple as shown in 
Fifir. 14. 

A. Pull release position is shown in Fig. 14. Brake-pipe 
■ir enters the triple-valve body at the connection marked BP, 
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passes upward tiirough passage, a, e, f and g to chamber h, 
thence throagh the feed groove i past the triple piston into 
chamber B and out to the auxiliary I^servoir, Brake-pipe 
air also flows psst the non-return check valve, from chamber 
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SLIDE VALVEBUSH. 

Fig. 13.— K Tbipm Valve. 

a into chamber Y, thence through passage y in the body and 
port ; in the slide valve to chamber R and the auxiliary reeer- 
Toir. In this way the auxiliary reservoir is charged up to the 
pressure in the brake pipe. The slide valve is shown in this 
fignre with its exhaust cavity n uncovering wide(,t^^ exhaust 
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port in the slide-valve seat leading from the brake cylinder 
to the atmosphere, providing for the release of the brake 
through port r, cavity n, and port p. 

Q. What is shown in Fi^. 15? 

A, In this figure, the parts of the K triple are represented 
in the service position, the position they assume while a serv- 
ice reduction in brake-pipe pressure is being made. 

Q. Explain the operation in service position. 

A. The triple piston, as shown, has moved toward the 



Fifl. 14. — K Tbiflb Valve— Pull RELExei. 

left until it touches the graduating stem, and it has carried 
with it the main slide and the graduating slide valves. Port z 
in the main slide valve registers with port r in its seat. Port z 
is uncovered by the graduating valve so tliat air is.free to flow 
from the auxiliary reservoir to the brake cylinder. At the 
same time passage y and port o are in register, and cavity v 
in the graduating valve spans port o and q. Port 5 is in reg- 
ister with port t leading around the loosely fitting piston to 
chamber x and the brake cylinder. Hence, arranged as shown. 
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these ports permit brake-pipe rfir to flow into the brake cyl- 
inder at tbe Bame time that the auxiliary reaervoir is supply- 
ing air. 

Q. What does Fig. 16 represent? 

A. It shows the triple valve in what is termed the Service- 
Lap position. 

Q. When does the triple valve asstime this position? 

A. When the pressure in the auxiliary reservoir falls 
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slightly below that remaining in the brake pipe. As shown 
in this figure the triple-valve piatoii has moved the graduat- 
ing valve back far enough to close ports o, q, and z, and thus 
prevent further flow of air from both the auxiliaiy reservoir 
and the brake pipe to the cyliudei. It will be noted in the 
figure that the main slide valve is ahead of its position 
shown in Fig. 15- The valve would only assume this position 
if the brake-pipe pressure were reduced faster than the 
auxiliary-reservoir pressure could reduce to the brake cylinder. 
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otherwise port o would remalh in register with port j; as in 
Fig. 15 but the graduating valve would have closed ports o 
and z as shown in Fig. 16. 

Q. What is shown uk Fi^. 17? 

A. Fig. 17 repreaentB the different parts of the E triple 
in the Retarded-Belease position. 

Q. How are they made to asstuoe this position? | 

A. By admitting main-reaervoir air to the brake pipe fast 



Fio. 16. — K Tbiplb Valve — Sebyici-Lap Poairioir. 

jiDough to increase the pressure considerably above that re- 
maining in the auxiliary reservoir, 

Q. Explain the operation in the retarded release 
position. 

A. As shown brake-pipe pressure forces the triple piston 
to the extreme right until it strikes against the slide-valve 
bush. When this occurs brake-pipe air feeds only through 
charging groove i and the small port I in the end of the alide- 
yalve bosh to reach the auxiliary reservoir. <. ,uo<<k 
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Tlie tripIe-pUtoQ stem abuts against the retarded-release 
spring and partially compresses it. The slide valve has 
moved far enough over to bring the restricted port n (Fig. 
13), the exhaust cavity, over exhaust port p, thus reducing 
very materially the size of this port, causing a slow release of 
the brake. In a long train this retarded release can, if de- 
sired, be obtained about 30 cars back in the train. 

Q. What is it that causes the triple piston to i 
the retarded-release position? 



Via. 17. — K Tain^ Valtb — Retarded Rele&be Posmoi'. 

A. To cause the piston to asaurae tliis position it is neces- 
sary to have the pressure on the brake-pipe side of the triple 
piston sufiftciently in excess of that in the auxiliary reservoir 
to permit of the greater pressure acting on the brake-pipe 
side of the piston to compress the retarded-release spring. 
With the usual main-reservoir pressure and capacity, it is 
possible to compress this spring on a long train about thirty 
cars back. The effect of the friction due to the flow of air ia 
to prohibit any rapid rise of brake-pipe pressure back in 
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the train but, sb already stated, the desired differential be- 
tween the brake pipe and auxiliary-reservoir pressure can be 
obtained about thirty cars back in a 100-car train, 

Q. What does Tig. 18 represent? 

A. It represents the K triple in the Emergency position. 

Q. When does the valve assnine this position? 

A. Whenever a heavy, quick reduction in brake-pipe 
pressure is made, as when the brake valve is quickly placed in 
emergency position or a hose bursts. 



Fig. 18. — K Triple Valve — Emebgenct Poamot?. 

Q. Explain the operation in emergency position. 

A. It is the same as that given for the standard triple. 
Air is admitted to the top of the emergency piston through 
tlie large port (. This piston is forced downward, and brake- 
pipe pressure raises the non-return check valve, and flows 
quickly through ports r and C to the brake cylinder. At the 
same time port s in the slide valve registers with port r so 
that auxiliary-reservoir air can flow through this port also to 
the brake cylinder and will equalize with it. CpOOl^Ic 
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Q. How many sizes of the K triple are there? 
A. Two, the ^-1 and K-2. 

Q. On what size car equipment is the K-1 triple nsed? 
TheK-2? 

A. The K-1 is used on eight-inch freight equipmentj and 
the K-2 on ten-inch. ~ 

Q. Can a E-1 and a K-2 triple he readily suhstitnted 
for the older corresponding size of quick-action triple? 

A. Yes, they are perfectly interchangeable on tlieir re- 
spective reser voire. 

Q. On a train of eighty ceu^ will a flye-ponnd service 
reduction set all the brakes? 

A. Yes, and a 5-poiind reduction will be as effective in 
stopping an empty train from a speed of 30 miles per hour as 
a 23-poiind service reduction with the older triples. 

Q. Explain this. 
.^. Because of the venting of brake-pipe air to the brake 
cylinder, a five-pound initial reduction inaures the aplication 
of all brakes on tlie train in a much shorter time than they 
can be applied with any service reduction with the older triples, 
and also with a higher pressure than can be obtained from a 
5-pound service reduction with the ordinary qnick-aetion 
triple valve with which on this length of train only a com- 
paratively few brakes will apply, 

Q. Is there any difTerence in the internal constmction 
of the K-1 and the K-2 triples? 

A. In full release position, the charging takes place 
through the feed port i only with the K-1 triple while the 
feed port i in the piston bush and port / in the slide valve 
are both used with the K-2 valve. Port / does not exist in 
the K-1 triple. Di-ztJL.GootjIc 



i4 Air-Beake Catechism 

Q. A> to oare and mainteaanoe of the K triple, do the 
lame rules apply as to the old standard triple? 

A. Yes. 

THE TYPE "L" THIPLE VALVE. 

Q. What valve is iUnstrated in Figs. 19 and 20? 

A. The Type L Triple Valve. 



Fio. 19. — "L" Triple Valvb. 

Q. What kind of a triple valve is it, and in what ser- 
vice is it used? 

A. It ia a new type of Quick-Action Triple Valve for use 
in High-Speed Passenger Service. 

Q. What featore does it have not found in the old 
etandard qnick-action triple valve already described? 

A. It has the Graduated Belease, by means of which the 
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brakes in the train can be partially released when desired; 
(2) it has the Quick-Service, by means of which service ap- 
plications are obtained throughout long trains in much less 
time than with the old standard triple; (3) it haa the Quick- 
Recharge, by means of which the auxiliary reservoirs are re- 
charged during release of the brakes in the same time as the 
air can exhaust from the brake cylinder ; (4) it obtains a much 
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higher brake-cylinder pressure in emergency than with the 
old standard-triple valve. 

Q. Are the high-speed reducing valves used in connec- 
tion with the L Triple Valve? 

A, No; they are unnecessary, as the L triple performs all 
the duties of a triple valve and high-speed reducing valve 
combined. The safety valve, which is a part of the triple 
valve, takes the place of the high-speed reducing valve. 
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Q. Is any additional apparatus reqoired when the L 
Triple Valve Is substituted for the old standard? 

A.. Yes, a "supplementary" reservoir, about twice the size 
of an auxiliary reservoir, is required. 

Q. What is the purpose of the supplementary reser- 
voir? 

A. It fumishee the means of obtaining the graduated re- 



lease, quick-recharge, and the high-emergency brake-cylinder 
prrasure. 

Q. Is any other change of apparatus required when 
snbstitutine: the L Triple Valve? 

A. The brake-cylinder pressure head must be exchanged 
for one having all pipe connections made in it, as the L Triple 

ia of the "pipeless" type. DncJt.GooQlc 
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Q. What ig the advantage of a "pipeless" triple valve? 

A. As all pipe connections are made to the cylinder 
pressure head, and communicate with the triple valve through 
Suitable ports in the head and triple-valve body, the triple 
valve may be removed for inspection and repairs without 
breaking any pipe joints. 
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Q. How does the outside appearance of the L Triple 
differ from the old standard? 

A. There is a "vent-valve" portion which lies across the top 
of the body at right angles to the movement of the slide- 
valve; and a safety valve is attached vertically to one side. 
Also, there is no connection for pipes on the valve. 

Q. What are Figs. 21 to 26. 

A. They are diagrams of the L Triple Valve in different 
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positions, with the parts bo arranged aa to show all the parts 
in one plane without regard to the actual construction of the 
valve, 
Q. Name the connections to the triple TolTe. 

■ A. Referring to Fig. 31, the brake pipe eonneets with 
passage a; passage C connects with the brake cylinder; port 
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X connects with the supplementary rraervoir; the slide valve 
cavity R is always connected to the auxiliary reservoir. 

Q. How is the passenger car brake charged up at 
starting? 

A. Air flows through the brake pipe from the locomotive 
and enters the triple valve by passage a, e and g to cylinder h, 
and through the feed groove t to chamber B and the auxiliary 
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reBe~voir ; the air also lifts cheek valve 15 and enters chamber 
Y, thence through port y in the seat and ; in the slide valve, 
it flows to chamber R and the auxiliary reservoir; thus the 
latter is charged by two different channels giving a very 
prompt rise in the auxiliary-reservoir pressure. At the same 
time, air flows from chamber R through port fc in the slide 



valve and x in the seat to the supplementary reservoir charg- 
ing it at the same time to the auxiliary-reservoir pressure. 
The charging continues till both reservoirs and brake pipe 
are at the same pressure. 

Q, What happens in the triple VEilve when a moderate 
service reduction takes place? 

A. The reduction in brake-pipe pressure in cylinder h 
allows the higher pressure remaining in the chamber E to force 
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the piston, graduating valve and slide -valve to the left (Fig. 
22) until the piston strikes the graduating sleeve 21, held in 
ita place by graduating spring 25. Port y in the valve seat 
connects with port o in the slide valve, and the latter throiigh 
a small cavity in the graduating valve, and port in the slide 
valve with cavity q, the latter connecting with port r and the 
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brake cylinder. Consequently brake-pipe air lifts the check 
valve 15, and flows through cavity Y, port y and the connec- 
tions ]ust mentioned to the brake cylinder. Not a large quan- 
tity of air, however, flows through this channel, for the 
reason that port a in the elide valve partially registers witli 
port r in the seat, allowing auxiliary-reservoir air also to flow 
to the brake cylinder ; and tlie size of the ports between the 
anxiliary reservoir and brake cylinder are larger than those 
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between the brake pipe and the brake cylinder, bo that the 
larger amount of air for setting the brakes cornea from the 
auxiliary reservoir. The small amount of air taken from the 
brake pipe helps to reduce ita pressure, so that the reduction 
passes through the train more rapidly than with the old stand- 
ard equipment. This is the Quick-Service feature. 



Q. What is this position called? 

A. Quick-service position. 

Q. Does the triple valve remam in thia position dtiring 
the brake application? 

A. No. As soon as lie auxiliary-reservoir pressure falls, 
by flowing into the brake cylinder, to a point slightly below 
that remaining in the brake pipe, the piston and graduating 
valve arc forced to the right until the piston strikes the slide 
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ralve ag shown in Fig. 33. In thifi pOBition, both port z and 
the small port connecting with cavity q are closed by the 
graduating valve, so that no more ait can flow to the brake- 
cylinder from either the auxiliary reservoir or the brake pipe. 

Q. What is this last mentioned position called? 

A. Service-Lap Position. 

Q. Why SERVICE Lap? 

A. BecauBC there are two lap positions in the L Triple 
Valve; the Service Lap and the Release Lap. 

Q. Are there any other ports connecting in the Service 
or Lap Positions? 

A. Yes ; cavity q always connects port r with port h in the 
Beat, in all service and lap positions. Port h leads to the 
safety valve on the aide of the triple valve. 

Q. What is the object of this arrangement? 

A. So that the safety valve will protect the brake cylinder 
against too high pressure in all service applications. Since 
the triple valve is designed for the high-speed brake equip- 
ment, which employs 110-pounds pressure in brake pipe and 
auxiliary reservoir, it is necessary to limit the pressure in the 
brake cylinder to 50 pounds in service applications, as the 
braking power of the car is calculated for this amount ; if no 
safety valve or reducing valve was used, the 110 pounds in 
the auxiliary reservoir would equalize with the brake cylinder 
at about 85 pounds, which in the conditions of ordinary serv- 
ice stops, would likely cause the wheels to slide. 

Q. Is there any other service position than Quick 
Service? 

A. Yes; PuU Service. 

Q. When a service reduction is made, what determines 
whether the triple valve will go to Quick Service or Full 
Service? 

A. The length of tlie train, D:i:c.jt,Goo>^lc 
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Q. How is that? 

A. In a short traio, the Tolome of the brake pipe is small, 
and its pressure will therefore reduce more rapidly than a • 
long train, for the same reduction at the brake valve. Con- 
sequently, when a service reduction is made with a short train, 
the fall of pressure in cylinder h of the triple valve, may be 
rapid enough to allow the piston, when moving to the left, 
to slightly compress graduating spring 33 when it strikes 
graduating sleeve 21, as shown in Fig. 24. In this position, 
port o in the slide valve does not register with port y in the 
seat, so that no air flows from the brake pipe to the broke 
cylinder, except as the ports pass each other ; at the same time, 
port 2 is wide open to port r, allowing the auxiliary-reservoir 
air to flow moi^ rapidly to the brake cylinder, so that its 
fall in pressure keeps pace with that in the brake pipe. In 
this way, the triple valve itself automatically cuts out the 
Quick-Service feature when the brake-pipe reduction is euf- 
ficiently rapid without it. The piston and graduating valve 
go to Service-Lap position after the Full Service, in exactly 
the same manner as after the Quick Service. 

Q. What occurs in the triple vaJve when the brali»B 
are released? 

A, The increase of brake-pipe pressure causes.the pressure 
in cylinder h on the left of the piston to increase, forcing pis- 
ton, slide valve and graduating valve to the position shown in 
Fig. 21. Port r in the seat connects through port n in the 
slide valve, the cavity in the graduating valve, port m in the 
slide valve, with port p in the seat, the latter connecting with 
the exhaust. Thus brake-cylinder pressure can escape to the 
atmosphere^ At the same time the auxiliary reservoir is re- 
charged through the feed groove t, and through the quick- 
recharge ports y and /. It is also helped to recharge by the 
volume of air which has been bottled up in the supplementary 
reservoir during the service application, which now connects 



74 Air-Bbakk Catechism 

through ports x and jfc with chamber R. In this way, the re- 
charging of the auxiliary reservoir is accomplished very 
rtjuickly, and constitutes the Quick-Recharge feature of the 
triple valve. 

Q. What is this position called? 

A. Release and Charging position. 

Q. How does the triple valve operate when a Gradu- 
ated Release is desired? 

A. Let us assume that the brakes were applied by a 15- 
pound reduction, or that brake-pipe pressure was reduced 
from 110 to 95 pounds. Referring to Fig, 23, Service-Lap 
position; the pressure in cylinder h on the left of the piston 
is 95 pounds, while that in chamber R and the auxiliary 
reservoir is slightly lees, say 94 pounds, and the pressure 
in port X and the supplementary reservoir is still 110 pounds. 
To partally release the brakes the engineer partially reinstates 
brake-pipe pressure. We will say that he raises it from 95 
to 100 pounds. As soon as the pressure in cylinder A rises 
a little, it moves the piston, slide valve and graduating valve 
to the release position as shown in Fig. 31. The pressure in 
cylinder h is now 100 pounds the auxiliary-reservoir pressure 
feeds up through feed groove i and ports y, j and x to 100 
pounds. But the large volume of air in the supplementary 
reservoir is still only slightly below 110 pounds; it therefore 
tends to raise the pressure in chamber R above 100 pounds 
by air flowing in through port x. As soon as this pressure 
geta a little above 100 pounds, it moves the piston and grad- 
uating valve again to the left until the piston strikes the 
slide valve, as shown in Fig. 25. Feed groove i, ports / and x 
are now closed, preventing the auxiliary-reservoir pressure 
from rising any higher; at the same time port m is closed, 
which stops the exhaust of brake-cylinder air through porta 

ft, m and p to the atmosphere; consequently only a part 
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of the brake-cylinder air escapes, and the pressure is corres- 
pondingly reduced, but the remaiaing pressure is retained. 
This is the Oraduated Release feature, 

Q. Can a second graduation in release be made? 

A. Yes; the process just described can be repeated until 
the brake-pipe pressure is raised to the normal amount, and 
the brake-cylinder pressure completely released. 

Q. What is the position jnst described, and shown in 
Fiff. 25 called? 

A. Release-Lap position. 

Q. What occurs in the triple valve in Emergency 
applications? 

A. The sudden reduction in brake-pipe prrasure and cyl- 
inder h causes the piston, slide valve and graduating valve 
to move to the left with such force as to comprees graduating 
spring 32, until the piston strikes the gasket at the end of 
the cylinder, as shown in Fig. 26. In thia position, the slide 
valve uncovers port ( in the seat and allows auxiliary-reser- 
voir pressure to flow to the top of emergency piston 8, forcing 
it downward, thereby opening emergency valve 10, and allow- 
ing brake-pipe air to raise check valve 15 and flow rapidly 
through cavities Y and X to the brake cylinder. At the same 
time port s in the slide valve registers with port r in the seat 
.and permits auxiliary reservoir air to flow to the brake cylin- 
der. When the increasing brake-cylinder pressure and the de- 
creasing brake-pipe pressure become equal, check valve 15 is 
forced to its seat by the spring between it and the emergency 
valve, so that no air can flow back from the brake-cylinder to 
the brake pipe. So far, the operation is the same as in the old 
standard quick-action triple valve. But with the L Triple 
other operations occur in emergency as follows : Port c, which 
leads to the left .of the vent-valve piston 31, is connected by 
ports d and n in the slide valve with port r leading to the 
brake cylinder. In all other positions of the triple valve. 
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port c is open to chamber fi; the right Bide of vent^-valve piston 
31 is always connected to chamber R; conBequently at such 
times the vent-valve piston has equal preasurea on both sides 
and vent vp.lve 27 is held to its seat by the spring under it. 
But in emergency, the chamber on the left of the vent-valve 
piaton is connected to the brake cylinder as just described, 
thereby relieving the pressure on the left, and causing the 
pressure atill remaining in the right to force the piaton and 
vent-valve to the left, as shown in Fig. 36. This opens the 
vent-valve and connects the supplementary reservoir to cham- 
ber R through port x and the vent valve. The result of this 
is that the volumes of both supplementary and auxiliary 
reservoirs are united and become equalized with the brake- 
cylinder, causing a much greater pressure of equalization than 
if the auxiliary reservoir alone was used, 

Q. With llO-pound brake-pipe pressnre, what pressiire 
of equalization is obtained in emergency in the brake 
cylinder with the L Triple Valve? 

A. Nearly 105 pounds. 

Q. With the ordinary high-speed brake, the high pres- 
sure equalisation is reduced by a reducing valve; Is this 
also done with the L Triple Vfdve? 

A. No, Referring to Fig. 26, cavity q in the slide valve 
does not conect with port r in emergency, so that the safety 
valve, connecting with port 6 is shut off from the brake cyl- 
inder. Consequently the high pressure is. retained until the 
brake is released. 

Q. Why is this? 

A. Because emergency applications are for use only at 
times of danger, or to save life, and at such times, the greatest 
stopping power possible ia necessary, regardless of everything 
else. The weights of cars are greater, and the speeds are 
higher than those common at the time that the high-speed le- 
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dncing valve was introduced, so that now with modern con- 
ditioHB, it is comidered best to run the risk of sliding a few 
wheels, if the result makes a considerably shorter stop. 

Q. Is the safety valve cut off from the brake cylinder 
at any other time? 

A. No, only in emergency applications. 

Q. In what positions of the triple valve does the vent 
yalve operate? 

A- Only in emergency. 

Q. Does the vent valve remain open dnringf the entire 
emergency {plication? 

A. No; as soon as the two reservoirs and brake cylinder 
become equalized, the spring back of the vent forces it shut. 

Q. What would happen if the vent valve stuck open? 

A, Probably an emergency application would occur for 
every application of the brakes, whether desired or not. At 
any rate, a much higher pressure of equalization would be 
obtained than desired. 

Q. What should be done in such cases? 

A. Remove the cap nut from the vent-valve portion and 
examine the spring back of the vent valve. It is probably 
broken or weakened so aa not to be able to force the vent 
valve to its seat. 

Q. If dirt gets on the seat of the safety valve, what 
will happen? 

A. The brake will gradually release in service applications, 
accompanied by a blow at the safety valve. 

Q. Is any prevention made against dirt getting to the 
safety valve? 

A. Yes, an air strainer is placed in the passage to the 
safety valve from the slide valve. GooqIc 
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Q. With this triple valve, is there any air straino' 
where the brake-pipe air enters the triple valve, M there 
is in the old standard quick-action triple? 

A. Yes, a branch-pipe air strainer is placed in the brake- 
pipe branch just where it connects with the cylinder pressure 
head. 

Q. What diseases and troubles ma,y be found in the 
L Triple Valve? 

A. Besides those just mentioned, the same troubles and 
cures may be applied to the L Triple as already described 
under the old standard quick-action triple valve. 
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CHAPTER III. 

WESTINGH9USE FREIGHT EQUIPMENT. 

Q. Name the different parts of the eqaipntent. 

A. 3 (Fig, 27) is the piston sleeve and head, 9 the release 
spring, 4 the front cylinder head, 2 the cylinder body, A the 
leakage groove, t the packing leather, 8 the expander ring, 
6 the follower plate which holds the packing leather 7 to ita 
place, B the pipe connecting the triple valve and brake cyl- 
inder, and 15 the gasket which makes a tight joint between 
the auxiliary, triple, and pipe B leading to the brake cylinder. 

Q. Explain the nse of the release spring: 9 (Fig. 27). 

A. When the brake is applied, air is put into tlie cylinder 
2 through pipe B, and the piston 3 is forced to the left, eoni- 
pressing the release spring. When the air is released from the 
brake cylinder, the duty of the release spring is to force the 
piston to release position as shown in the illustration. 

Q. What enters the sleeve 3 (Fig. 27)? 

A. The push rod through which the braking power is 
transmitted to the brake rigging. 

Q. Of what nse is the expander ring 8? 

A. To keep the flange of the packing leather 7 against 
the walls of the cylinder. The expander ring ia a rowid 
spring. 

Q, Of what lue is the packing leather 7? 

A. As air enters the brake cylinder, the flange of the pack- 
ing leather is forced against the walls of the cylinder, thus 
making a tight joint to prevent the passage of the air by the 
piston and out to the atmosphere through the open end of the 



Cj'liiidier ait the left. 
It the leather leaks, 
the brake will leak oS. 

Q. Of what use is 
the leakage groove 
A (Pig. 27)7 

A. The piBton as 
^ shown in the cut is in 
H release position. If 
I on a long train there 
» should be any leak in 
^ the brake pipe that 
g would draw a triple 
S piston out far enough 
to close the exhaust 
g port in the slide valve, 
tt and there were a leak 

5 into the brake cylin- 
H der, the pressure 
^ would gradually aecu- 
t^ mulate and force the 
^ piston out, causing 

6 the shoes to drag on 
the wheels were it not 
for the leakage groove. 
This will allow any 
small leakage into the 
brake cylinder to pass 
through the groove 
and out of the other 
end of the cylinder to 
the atmosphere. 
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If the brake connectionB are taken up so short that the 
pistoo will not travel by tlie leakage groove when the brake is 
Bet, ihe air will blow past the piston through the groove and 
release the brake on this car. In this case, were it not for 
the groove, the wheela would be slid. 

Q. What is the duty of the pipe B7 

A. When the brake is applied, air passes from the auxil- 
iary reservoir through the triple and pipe B to the cyjinder, 

"When the brake is released, air passes from the cylinder 
through pipe B, the triple exhaust port and out to the at- 
mcfflphere, or, if a retainer is used, it passes from the triple 
into the retainer pipe, which is screwed into the triple ez- 
haugt, and out of the retainer according to the position of its 
handle. 

Q. Of what use is the auxiliary reservoir 10 (Fi^:. 27) ? 

A. This is where the supply of air is stored with which 
to apply the brake on this one car, 

Q. What is the valve on top of the anxiUary? 

A. It is called the release valve. By lifting on the handle 
of tiiis valve the pressure in the auxiliary reservoir 10 may 
be released. If this valve leaks, after the brake is applied, 
the reduction of auxiliary reservoir pressure thus made will 
release the brake. 

Q. What use has the plug 11? 

A. To drain off any accumulation of water in the auxiliary 

reservoir. 

Q. What harm will ensue <f gfasket IK leaks? 

A. The leak may be from the auxiliary reservoir to the 
atmosphere or from the auxiliary into pipe B leading to the 
brake cylinder. After the brake was applied, tha reduction 
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ot auxiliary reservoir pressure caused by this leak would 
allow the brake-pipe pressure to force this triple to release 
position and release this brake. The leak would then draw- 
air from the brake-pipe through the triple feed ports, making 
a brake-pipe reduction that with any other leaks on the train 
would help to creep on the other brakes. 

Q. Is the inight-cax eqtdpment different from the air- 
brake equipment on the passenger car? 

A. It is smaller, but the principle of operation is the 
same. In a passenger equipment the pipe B does not run 
through the auxiliary reservoir and the auxiliary and brake 
cylinder are not fastened together. The appearance is dif- 
ferent, but aside from size, they are alike. 

Q. Why has the oil pln^ been removed from the brake 
cylinder? 

A, So that it will be necessary to take the cylinder apart to 
clean it. Pouring oil into the oil hole is responsible for the 
ruination of rubber seats in emergency valves, 

Q. Fig. 27 shows a standard equipment for fr^fat 
cars ; are they ever furnished in any other form? 

A. Yea; the space limitation on some cars forbids the use 
of the combined equipment illustrated in Fig. 27. In such 
eases, what is known -as the detached equipment is used, and 
the brake cylinder and auxiliary reservoir are connected by a 
suitable pipe. 

In very exceptional cases two cylinders are used in connec- 
tion with one reservoir and one triple valve, but the principle 
of operation remains the same. The usual piston stroke is 
twelve inches, but this is reduced to eight inches where twin 
cylinders are used, and in some special combined and detached 
equipments. 

How many kinds of freight eqnipments are thwa 
^li what weight of car are they used? 
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A. 8 and 10-inch equipments. The light veighte of cars 
for which eacli is used are 22,000 to 37,000 for 8-indi, and 
37,000 to 58,000 for 10-inch. 

PISTON TEAVBL. 

Q. What detarmines the amount of travel a piston will 

have? 

A. The Black in the brake rigging and any loBt motion in 
the car brought out by the application of the brake. 

Q. How is the piston travel tunally adjusted? 

A. By changing the position of the dead truck levers, 
unless an automatic slack-adjustment ia used. 

Q. Which is called the dead lever of a truck? 

A. The one held stationary at the top with a pin. 

Q. What is the other lever on the tmok called? 

A. The live lever. 

Q. What is the lever fastened to the piston usually 
caUed? 

A. The piston lever. 

Q. What is the corresponding lever at the other end 
of the cylinder in a passenger equipment called? 

A. The cylinder lever if connected to the cylinder. When 
connected to a fulcrum as in freight service, it is commonly 
called a floating lever, 

Q. Ai^ these levers ever spoken of ditTerently? 

A. Yes, sometimes both are referred to as cylinder levers. 

Q. In passenger equipment there is sometimes a lever 
between the cylinder levers and truck levers, one end of 
which is connected to the hand brake and the other to 
the live truck lever. What is this lever usually called? 

A. The Hodge, or floating lever; the latter name is the 
one more commonly used. 
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Q. We have seen in stndying the triple TalYt that a 
five-pound brake-pipe rednotion catued the triple to allow 
air to expand into the brake cylinder from the anziliarjr 
reservoir until its pressure was reduced five pounds. How 
much pressure does this ^ve ns in the brake cylinder? 

A. That depends upon the piston travel. It may be more 
or lesB UiiiQ five poundB ; it might be five pounds. 

Q- Explain this answer. 

A. We notice that the auxiliary reaerroir la much larger 
than the brake cylinder; the reservoir pressure is high, the 
brake cylinder has no pressure ; as the reservoir pressure falls, 
the brake cylinder pressure builds up; the amount that it 
builds up depends on the volume of the cylinder, that is, on 
the distance that the piston moves out ; but it must he remem- 
bered that a small part of the air put into the cylinder goes 
through the leakage groove before the piston gets by and 
closes it. There is still another point. If no air were put 
into the brake cylinder and the piston were pulled out when 
the exhaust port was closed, a vacuum would be formed. 
When the air enters the cylinder it must first fill this space 
to atmospheric pressure before a gage placed on the cylinder 
would begin to show any pressure. The longer the travel, . 
the more air it would take to fill the space and the less pres- 
sure there would be for the five pounds reduction ia the res- 
ervoir. 

Q. Which would give a higher pressure tor a given 
reduction, long or short piston travel? 

A. Short travel. 

Q. Why? 

A. Because with a short travel the same amount of air 
would be expanded into a smaller space. 

Q. With the 8-inch freight equipment and old stand- 
ard triple valve^ how much brake-cylinder pressure do we 



Piston Tbavel 



86 



get for a seT«i-poimd brake-pipe reduction with a 6 and 
a 9-iiich travel? 

A. Keferring to the table we see that we get seventeen 
pounds with the S-inch, and eight pounde with the 9-inch 
travel. 
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There are two spaces where it says "Piston not entirely out, " 
where no brake-cylinder pressure la given for a geven-pound 
brake-pipe reduction. This does not mean there wa^ no pressure 
there, as there must have been or the piston could not have 
gone out and compressed the cylinder release spring. The or- 
dinary air gage does not register any pressure less than five 
pounds, and with a seven-pound brake-pipe reduction the prps- 
Bure gotten In a ten- or eleven-Inch piston travel la leaa than Ave 
pounds. 

Seventy pounds brake-pipe presaure was used In obtaining 
these figures. 

Q. With a sixteen-pound reduction? 

A. Fifty-four pounds with the 6-inch, and thirty-six 
pounds with the 9-inch. 

Q. With a twenty-twonponnd reduction? 

A. After the sixteen-pound reduction, the brake did not 
Bet any harder on the 6-inch travel because the auxiliary and 
brake-cylinder pressures equalized at that point, and this 
brake was fully set. With the 9-inch travel the air from the 
auxiliary reservoir had 4 inches more space into which to 
expand, and the brake was fully set when a twenty-one pound 
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reduction had been made, giving forty-nine pounds brake- 
cylinder pressure, 

Q. What does this show? 

A. That a brake with a short piston travel is more power- 
ful than one with a long travel ; that a brake with the auxil- 
iary reservoir and brake-cylinder preaaurea equalized cannot 
be applied any harder by a further reduction of brake-pipe 
pressure, and that if piston travel varied in a long train, be- 
tween 4 and 11 inches, there would be no uniformity in the 
braking power applied in the different parts of a train. 

Q. What difference in birake-cylinder pressure is ob- 
tained with the 8-inch freight equipment xaing the type 
"K" triple valve? 

A. For light brake-pipe reductions, a much higher brake- 
cylinder pressure is obtained with the type "K" triple valves; 
while for full-service applications, there ia very little differ- 
ence. Generally speaking, we obtain for a 6-pound brake- 
pipe reduction about three times as much cylinder pressure 
with the type "K" triple valve as with tlie old standard; for 
a 10-pound reduction, about 50 per cent, more pressure; for 
a 15-pound reduction, about 20 per cent, more pressure; and 
for a 20-pound reduction, there is practically no difference. 

Q. What brake-cylinder jffessiires are obtained with 
the 10-inch freight equipment, as compared with the 
8-inch? 

A. Practically the ,same, for the same brake-pipe reduc- 
tions, 

Q. With an 8-inch b-eight equipment and the old 
standard Westinghoose triple valve, at about what pres- 
sures do the brake-cylinder and auxiliary reservoira be- 
come equalized when 70-pound brake-pipe pressure ii 
used? 

A. 4' B' 6' r 8" 9' 10* 11' piston travel 
58 Se 64 62 Gl 40 48 47 pounds 
12 14 16 18 ID 21 33 33 braJte-pipe reduotkm 
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Q. What wotild be tlie apinvximBte brake-oyMnder 

pressure, with the travel as giveo in the table, were the 
brakes set in esawgencj, vsmg an 8-inch freight equip- 
ment. 

A. 4 in., 5 in., 6 in., 7 in. piBtoii travel. 

B3 (il 59^ 58^ emergency presenre. 

8 in., 9 in.,, 10 in. 11 in. pieton travel 
5714 56J^ 5514 55 emergency pressure. 

Q. Why do the brakes set harder with the qnick-action 
triple in emergency than in service? 

A. Because in the emergency application the quick-action 
triples put air from both the au^ciliary and brake pipe into the 
brake cylinder. 

Q- Can fnU emergency pressure be obtained after hav- 
ing made a light brake-pipe redaction in awvice itpplioa- 
tion? 

A. No. 

Q. Can any gain be made? 

A. Yes, if the reduction has not been too great. By refer- 
ring to the table we see that a thirteen-pound reduction sets 
a 4-inch travel brake in full. If emergency were now used 
this brake would not set any harder, while we might gain a 
little on the long travel. With a given brake-pipe reduction, 
we would gain most on the car with the long travel, but on 
neither would we get full emergency preaaure. 

Q. Can a train be handled smoothly with uneven 
travel throughoat the train? 

A Not as smoothly as when the travel is more uniform. 

Q. . What will be the effect with short travel at the 
head of Qie train and long at the rear? 

A ■ Having more brakiog power at the head would can8f< 
the slack to run ahead, causing a jar. 
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Q. What if the short travel were at the rear of the 
train? 

A. The tendency would be for tlie slack to run back and 
break the train in two, especially if the train were on a knoll. 

Q. How else would the piston travel affect the smooth- 
ness of the braking? 

A. In releasing the brakes. 

Q. Scppose we had a train half of which had 4-inch 
travel and the other hal£ 9-inch, which brakes would start 
releasing first if the enginera* had made a ten-ponnd 
brake-pipe reduction and then, wishing to release the 
brakes, increased the brake-pipe pressure? 

A. They should all start about the same time, but the 
tendency is always for head braJces to start releasing first if 
the travel is about alike, ae the air enters the brake pipe 
from the main reservoir at the front of the train, and the 
pressure is naturally a little h^her here when recharging. 

Q. Is the same true after a thirteen-ponnd reduction? 

A. Yes. 

Q. After a twenty-two-poond reduction? 

A. No ; the long travel brakes will start releasing first. 

Q. Why? 

A, Referring to the table we see that the 4-ineh travel was 
not applied any harder after a twelve-pound reduction had 
been made; but the 9-ineh travel continued applying harder 
until a twenty-one pound reduction of brake-pipe pressure 
had been made. With the brakes fully set we have fifty-eight 
pounds pressure in the auxiliary reservoir and cylinder of the 
4-inch travel car and forty-nine on the long. Brake-pipe 
pressure has to overcome auxiliary reservoir pressure to force 
the triple pistons to release position, and it is easier to over- 
come forty-nine than fifty-eight pounds ; hence the triple pis- 
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ton on flie long travel car will go to release position with 
less of au increase of brake-pipe pressure than will the triple 
on the short travel car. 

Q. State the general role in regard to this question. 

A. If reductions have not been continued after cars with 
the short piston travel have been fully set, all brakes should 
start releasing about the eame time; but if the reductions of 
brake-pipe pressure are continued after the short travel brakes 
are fully set, an increase of brake-pipe pressure will start 
the long travel brakes releasing first. 

Q. If a long and a short travel brake are started re- 
leasing from the same pressure at the same time, which 
will get ofT first and why? 

A. The short travel, because the piston has a shorter 
distance to go and there is a less volimie of air to be gotten 
rid of through the exhaust port of the triple. 

Q- We have two cars with the same piston travel. 
What is the tronble il both are started releasing at the 
same time and one gets off quicker tlva the other? 

A, The release spring in one cylinder is weaker or the 
cylinder corroded. 

Q. What harm would it do to take a piston travel up 
to 2 inches. 

A. The piston could not get by the leakage groove, and 
the brake would not stay set. 

Q. What harm would it do to let the travel out to 13 
inches? 

A, The piston would strike the head, and we would have 
no brake on that ear. 

Q. Does having very long piston travel in a train re- 
quire any more work of a pomp in descending grades? 
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A. lYes; the air has to be used more expansively, and the 
pump will have to supply more air in recharging. 

Q. If we try the piston travel on a car when standing, 
will we find it to be the same as when mnimig? 

A. No. 

Q. Wl^ not? 

A. For several reaaons; the shoes pull down farther on tfad 
wheels when running; the king bolts being loose allow the 
trucks to be pulled together; spring in brake beams, loose 
pins in jaws, loose brasses on journals, the give in old cars, 
and any lost motion that will throw slack into the brake 
rigging; all these will cause the piston travel while run- 
ning to be greater than that while standing. 

Q. If the piston travel is adjusted when a ceu* is loaded, 
will it remain the same when the car is light? 

A, It will, if the brakes are hung from the sand plank, 
but most brakes are hung from the truck bolster or the sill 
of the car. When the car is loaded, the truck springs are 
CompreBsed and the shoes set lower on the wheels. When 
the car is unloaded, the truck springs raise the bolster and car 
body, thus raising the shoes so that there is less clearance be- 
tween the brake shoes and wheels. This shortens the piston 
travel, as the piston does not have to travel so far to bring 
the shoes up to the wheels. 

Q. How could yon tell the piston travel on a car if it 
had no air in it? 

A. Tliis can be told on freight cars where the hand brake 
and air brake move the push rod in the cylinder in the same 
direction when applying the brake. To tell the travel, shove 
the push rod into the cylinder until it bottoms. Make a mark 
on the push rod and set the hand brake. The distaace the 
mark on tlie push rod has moved will be, approximately, the 
piston travel when using air. D.g.i;cJb,GoOQlc 



Piston Travel 91 

Q. How much variatiou is permissible? 

A. The smaller the amOTHit of variation the better, but in 
road service it ia the aim to keep piston travel between 5 and 
8 inches; on long heavy grades it is customary to have no 
travel exceed 6 inches. 

Q. Is there any device which will keep a constant pis- 
ton travel on a car without any ontside aid? 

A. Yes, a slack adjuster, 

Q. What slack adjuster is in most general use? 
A. The American Brake-Slack Adjuster. 
Q. Is this better than a hand adjnatment? 

A. Yes, because it does its work when the car is in motion, 
and true travel is had because all lent motion is brought out 
at this time. 

Q. What is the most satisfactory travel for general 
Tise? 

A, Between 6 and 7 inehea. 

Q. Where would a moderately long travel be consid- 
ered better than a short one? 

A. In a practically level country, where with short travel 
and a large number of air cars in a train, the train might be 
slowed up or stopped with a light brake-pipe reduction, thus 
causing too frequent releases. 

Q. What harm would a too short travel do? 

A. The piston might not get by the leakage groove, and 
the shorter the travel the more danger of sliding the wheels 
on acount of the greater braking power developed. A too 
short travel does not give sufficient shoe clearance, and causes 
a train to pull hard if the brake shoes drag, 

Q. On most passenger cars p^ton travel can be t^en 
up by winding up the hand brake a little, as the two 
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brakes work in opposition to each other. Is this a good 
practice? 

A. No ; it is the act of a lazy workman, and is dangerous. 

Q. How is it dangerous? 

A, If the air brake is set quickly, it is likely to snap the 
brake chain, and if a passenger had hold of a hand brake wheel 
when the brake was applied, if the dog were not caught, 
the wheel flying round might break his hand or arm. 

Q. If the hand br^e on a car works with the air, and 
the air brake was applied, what would resnlt if the hand 
brake were then applied? 

A. The braking power developed would he too much for 
the safety of the wheels, rods, etc., since the resultant brak- 
ing power is equal to the sum of the power of both brakes. 

Q. If the air brake were then released what difScolty 
woald be experienced? 

A. Since the hand brake retains all of the power of both 
brakes, in tliis case it would be a very difficult matter for 
the brakeman to release the brake. 

Q. With this kind of a brake what woald resnlt if the 
hand brake were first applied and then the air? 

A. If the air brake were more powerful than the hand 
brake, slack would be thrown into the hand brake chain, and 
the gain in power would he the excess power of the air over 
that of the hand brake. If the air power were not as strong 
as that of the hand no effect would be produced since the 
pull in the hand brake rod would be diminished an amount 
equal to the power of the air. 

Q. If the hand and air worked opposite, that is, they 
tended to move the push rod in opposite directions to ap- 
ply the brake (see Fig. 108), what effect wonld be pro- 
duced if the air brake was applied and then the hand 
brake? 



Piston Travel 93 

A. The air brake fully applied is UBoally etrosger than 
the hand brake, hence the pull on the hand brake rod due to 
the air pressure would be greater than could be exerted by the 
brakeman, and the brake wheel could not be turned after the 
slack in the brake chain had been taken up. Under these 
conditions no braking power could be gained by using the 
hand brake. 

Q. If the hand brake were first -applied and then the 
air what would be the reanlt? 

A. Applying the hand brake took up all the slack in the 
brake rigging and forced the push rod and piston in as far 
as they could go. When the air from the auxiliary reseryoir 
passed through the triple valve to the brake cylinder it would 
pass through the leakage groove to the atmosphere and simply 
the power of the hand brake would remain. The clearance 
in the cylinder being jery small would result in a very high 
pressure when the air first entered, thus tending to strain 
the rods and brake-chain, but the air would quickly escape 
as explained. 

Q. Which ie the better brake tram the standpoint of 
danger to the brakemen? 

A. The one in which both work togetiher. If, where the 
brakes work opposite, a man is using the hand brake at the 
same time the engineer uses the air, or an air hose bnrsts, the 
power will turn the brake-wheel in the opposite direction tend- 
ing to throw the brakeman from the train. 

Q. If the cars of a train are equipped with air and 
hand brakes working together, and the train was being 
controlled by air, what could be done if the engineer lost 
control of the train? 

A. The engineer could call for brakes and without releas- 
ing the air, tiie crew could add the power of the band brakes 
to that of the air. 
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Q. What would have to be done in a case like this if 
the hand and air brakes worked opposite? 

A. Aiter calling for brakes it would be neceasary for the 
pTigineer to make a release before the crew could apply the 
hand brakes, since if this were not done and the hand brakes 
were applied, any leak^e of brake cylinder pressure 
would allow the piston to move in, thus throwing slack into 
the brake rigging and releasing the hand brake. 

Q. How about leaving cars on a grade if the air brake 
is ai>plied? 

A. If the hand and air work together, the hand brake 
can be applied without first releasing the air and it will re- 
main set after the air leaks off. If the brakes work opposite, 
it is necessary to bleed the car before applying the hand 
brake ; if this is not done, the release of the air brake by leak- 
age will also release the hand brake and the car will run away. 

To be on the safe side it ia best, aa a general rule, to al- 
ways release the air on one car at a time and apply the hand 
brake, when leaving a car or train on a grade ; but this would 
not be necessary, from the standpoint of safety, if all brakes 
worked together. 

Q. Are most brakes designed to work toother or op- 
posite? 

A. A large majority of freight car brakea are deaigned to 
work together, while in passenger service tlie opposite is true; 
but the importance of this question will result eventually in 
practically all brakes being designed to work together. 

THE AMERICAN AUTOMATIC BRAKE-SLACK AD- 
JUSTER AND PISTON-TRAVEL REGULATOR. 

Q. Name- the different parts of the Americaii Brake 
Slack Adjuster shown in Fig. 29? 
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A. The cylinder; tie packing leather held in position 
by the expander ring and follower; the pawl; the pawl apring; 
the piston spring; the cylinder head and casing; and the 
ratchet nut. 

Q. Name the parts shown in Tig. 28? 

A, 1 is the ratchet nut; 2, the cylinder; 3, the cylinder 
head and easing; 4, the adjuster screw; a, tiie port which 
connects pipe b with the inside of the cylinder; and 6, a pipe 
connection from the slack adjuster cylinder with port a of 
the main cylinder, 

Q. What is the object of the lug a (Fig. 29)? 

A. As illustrated in Fig. 39, ita object is to lift ttie pawl 
out of the ratchet nut when tho adjuster piston is in release 
position. In the position shown the ratchet nut can be 
turned by hand to take up or let out slack when necesaaiy, as 
when applying new brake shoes, 

Q. Esplain the operation of the adjuster. 

A. In Fig. 39 it is shown both in the normal or release 
position, and as when applied. If there is sufficient slack in 
the brake rigging, so that the piston in the large cylinder 
(Pig. 28) uncovers port a when the brake is applied, cylinder 
pressure will paas through port a, pipe b, and into the slack- 
adjuster cylinder (Fig. 29). The piston wiU be forced out, 
compressing the piston spring. The movement of Hxe piston 
disengages the pawl from lug a, and the pawl spring causes 
the pawl to engage in the teeth of the ratchet nut. 

When the brake is released and the piston in the brake 
cylinder is forced to release position by the release spring, 
port a is connected with the non-pressure end of the cylinder, 
hence the air in the slack adjuster cylinder passes through 
pipe b (Fig. 38), port a, and out to the atmosphere through 
the non-presBure head. 

When the air is released from the slack adjuster cylinder 
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the piston spring forcee the piston back and it in tain, 
through the pawl, turns the ratchet nut which draws the 
screw away from the cylinder, Tjever 5 {Fig. 28) Ib fastened 
to a crosshead attached to the adjuster screw, hence the lever 
Ib moved correspondingly, the effect of which is to draw all 
the brake shoes nearer to the wheels. 



RELEASED APPUED 

— SacTioifAi, Brro View of American Automatic Bbaxi 
Slack Aiwustfb. 
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Q. How does this ghortm the piaton travel? 

A. The shoeB being nearer the wheels it will require a less 
movement of the piston to bring the shoes in contact with the 
wheels. 

Q. How many teeth does the pawl skip at each move- 
ment of the adjnater piston throng:hont its stroke, and 
what movement of the crosshead attached to lever 5 (Fig. 
28) result? 

A. The pawl usually skips one tooth, engaging the second 
of the adjuster nut each time. One operation of the adjuster 
moves the crosshead, connected to the lever, 1-32 of an inch. 

Q. If the adjuster nnt 1 (Fig. 28) Is moved one turn, 
how far will the crosshead attached to the lever 6 he 
moved? 

A. One-quartor of an inch, 

Q. What is the object in having the crosshead move 
bnt 1-32 of an inch for each operation of the adjuster? 

A. When a car is in motion false travel ia often produced 
owing to nnevenness of the track and similar causes; if the 
adjuster should take up all this extra slack the piston travel 
would frequently be found too short. 

Q. What is the controlling factor in the amount of 
piston travel to be permitted? 

A. The location of port a in the brake cylinder (Fig. 88). 
It is usually located to obtain an eight^ineh "r unnin g" travel. 

Q. If the brake is applied when a car is at rest and the 
piston travel were but six or six and one-half inches, 
would you decide that the adjuster was not working prop- 
erly? 

A. No. 

Q. Explain the last answer? 

A. The slack adjuster adjusts the "running" travel at 
eight inches, and as the "running" is always greater than the 
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"standing" travel, we would expect to find the piston travel 
Bhortet when the car was at rest, 

Q. Wotild the "stuiding" travel be the aame on all 
cars? 

A. No; this depends npon the total leverage and lost 
motion. 

Q. Woold the "niiuiiii£" travel be the same on all 
can? 

A. Yea. 

Q. To apply new shoes it is necessary to^ncreas» the 
shoe clearance ; how is this done? 

A. By turning the ratchet nut 1 (Fig. 38) to the left 

Q. After the new shoes are applied how may the pisttm 
travel be shortened? 

A. By turning the adjuster nut to the right. 

Q. How should we proceed to apply a slat^ adjuster 
to a car? 

A. Drill port a, so that brake cylinder pressure can reach 
pipe 6 after the cylinder piston haa travelled eight inches and 
erect the parts and piping as shown in Fig. 28, pipe 6 to be 
copper. The smaller part of port a (Fig. 30) is drilled with 
a i^-inch drill ; the part of the port into which pipe 6 connects 
is drilled and tapped for ^-inch pipe. After erecting, teat 
joints with soap auds. Next put on a new set of brake shoes 
and adjuat the piston travel by means of the dead levers, from 
six to six and one-half inches. 

The length of the different rods should be such that the 
dead and live levers will have an inclination so that when 
the shoes are worn out th^ will have a corresponding inclina- 
tion in the opposite direction. 

Q. What is the standard length betwerai centers of 
holes in the rod connecting the cylinder levers when using 
the slack adjQstw? 
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A. 43 indies for middle connection, 

Q. What is invftriably the cause of the piston travel 
being too short on a car equipped with an American 
Brake Slack Adjuster? 

A. Either some of the elack has been taken up by the hand 
brake, or the position of the dead levers has been changed. 



Flo. 30.— Showino Profeb Kethod of Dbiluno Brake Ctlinders 
WHEN USED WITH THE AMERICAN Automatic Brake Slack 

AlMUBTBB. 

Q. What may occasion the piston travel to become too 

Ion;? 

A. Pipe b may be obstracted, leaks may exist in pipe h, 
or the slack adjuster cylinder, or the packing leather. The 
car may have been running some time with the slack partly 
taken up on the hand brake, a subsequent entire release of 
which would introduce an amount of slack that it would 
require some time for the adjuster to take up. 
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Q. Is there ever a time vhen, vriih the hrake released, 
the rachet nut can not be turned? 

A, Yee; when the crosBhead is at the end of its stroke. 

Q. Why can the rachet nnt not be tamed onder these 
conditions? 

A. With the ratchet nut at the end of its stroke, and the 
piston travelling beyond the limit, air will operate the slack 
adjuster piston, causing the pawl to engage a tooth of the 
ratchet nut, in which position it will remain, since, the cross- 
head being at the end of its stroke, the adjuster screw can- 
not be turned. 

Q. How can the pawl he disengajfed? 

A. The adjuster is so designed that the adjuster screw 
when at the end of ita stroke is drawn against a set screw at 
the end of the adjusting nut (Fig. 28), as shown in the cut. 
Kemovlng this set screw permits of a further movement of 
the crosshead and the usual operation takes place, allowing 
the pawl to be disengaged. The adjuster nut may then be 
turned by hand, thus moving the crosshead nearer the large 
cylinder for the purpose of giving sufficient slack to permit 
of the application of new brake shoes. The set screw should 
always be replaced after the pawl has been liberated and the 
crosshead moved back, 

Q. How often shonld the slack adjuster cylinder he 
cleaned and lubricated? 

A. About once in six months, every time the brake cylinder 
is cleaned and oiled, 

PRESSURE RETAINING VALVES. 

Q. With what eqnipments is the retainin|r valve used? 

A. Throughout the country on freight cars, and on 
engines, tenders, and passenger cars in mountainous country. 
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Q. Wh7 do they not use it on passenger can in hilly 
country? 

A, It is not necessary, as the higher braking power used in 
passenger service is sufficient to run moderate hills vith 
safety. 

Q. Where is it usually located? 

A. UsuaUy at the end, close to the brake standard on 
freight cars, and at the end about on the level of the edge of 
the hood on passenger cars, 

Q. Where is it located on cars baring ventihnles? 

A. On the outside of the vestibule, in which case a special 
valve is used, the handle of which extends within the vestibule 
(see Fig. 34). 

Q. To what is it connected? 

A. To the exhaust port of the triple by means of a %-inch 
or ^-inch pipe. 

Q. What ia its nse? 

A. To retain pressure in the brake cylinder to steady the 
train, and keep its speed from increasing too rapidly while 
the engineer is recharging the auxiliary reservoirs, 

Q. How do the handles of aU valves stand when not 
in nse? 

A. Straight down. 

Q. How do they stand when in ose? 

A. In the position shown in the cut (Fig. 31). 

Q. If the hralte is not applied, can it be set by tam- 
ing np the retainer handle? 

A. No; the retainer can be used only to hold air in the 
brake cylinder that has already been put there. 

Q. Explain the passage of the air tbrongb the retainer 
when not in nse. 
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A. With the retainer handle pointing down, as when not 
in use, any air coming from the cylinder would paas through 
ports b, a, and out to the atmosphere through port e. 

Q. Explain the passage of air through the retainer 
when in use, as shown hy the eat. 

A. When the engineer increases his brake-pipe pressure 
the triple assumes release position, and the air passing from 



Pia. 31. — Pbkssure-Retaikino Valvh. 

tiie brake cylinder has to pass out to the atmosphere throng 
the retaining valve. With the retainer handle turned up, the 
air passes through ports b, a, and b, until it strikes the 
weighted valve 20. Any pressure over fifteen pounds forces 
this valve from its seat and passes through the restricted port 
opening c to the atmosphere. When the pressure in the cylin- 
der is reduced to fifteen pounds, it is held back by the valve 
20. 
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Q. What is the sue of the small end of port c? 

A, One-Bixtenth of an inch in diameter. 

Q. Why is it made so small? 

A. To Iteep the brake cylinder presaiire from escaping to 
the atmosphere too rapidly after valve 33 is lifted. 

Q. How long will it take the cylinder pressure to re- 
duce from fifty down to fifteen pounds through ttiiB re- 
tainer? 

A, About twenty or twenty-five seconds, during which 
time the auxiliary reservoirs with an average length of train 
have become pretty well charged. 

Q. Have all retainers this restricted port c? 

A. No ; in some old retainers there are two ports of i4"inch 
diameter each. 

i2- What is the valve shown in Tig. 32? 

A. This is the double-pressure retaining valve manofac- 
tured by the Westinghouse Company. It will retain either 15 
or 30 pounds pressure in the brake cylinder according to the 
position of the handle of the valve. It is spoken of 'as the 
15-30 retainer. 

Q. Explain its operation. 

A. Its operation is about the same as the 15-pound valve, 
that is, if the handle points down no pressure will be held 
in the cylinder when the triple assumes release position. 
When in a horizontal position it retains 15 pounds and when 
in a position midway between the horizontal and the vertical 
a pressure of 30 pounds is retained. 

It will be seen that the handle controls the lift pin 9, Fig, 
33, and the lift pin in turn controls the upper weight. When 
the handle standa in the horizontal position the upper weight 
is lifted and the small weight controls the pressure; if in the 
mid positon the upper weight is not lifted and the combii^ed 
weight of the small and large weight act against the cylinder 
pressure to retain it. The escape of air is aa in the 15-pound 
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valve, that is, it escapes slowly to the atmosphere through the 
restricted port when the valve is in use. 

Q. What is ttie necessity for a valve which will hold 
mther 16 or 30 pounds? 

A. It has been found that on the heavier grades and at 
speeds that the railroads wish to maintain, that the 15-pouad 
valve ia not sufficient to permit of a recharge being accom- 
plished without gradually losing pressure. The use of the 
30-pound position permits of greater safety, speed and greater 
tonnage. 



m 








Fio. 32.— The Wbstinqhouse DouBLE-PBEastjan RerAiKiNo Valve. 
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Q. . Will a retainer hold more pressure with a long or 
a short piston travel on a car? 

A. It holds the aame pressure regardless of the traveL 
The volume held is greater on the long travel ear. 

Q. How do we test retainers? 

A. Have the engineer apply the brakes, and turn up the 
retainer handles. Then signal him to release, and wait about 
half a minute, after which wafk along and turn down the 
handles. If a blow accompanies the turning down of the 
handles, the retainer is working properly, otherwise the 
pressure has leaked away. 

Q. What troables woold make a retainer inoperative? 

A. A leak in the plug valve operated by the retainer 
handle; weight 20 (Fig. 31) being gone or dirt on its seat; a 
split pipe leading from the triple exhaust to the retainer ; or 
a leak in the packing leather in the brake cylinder which 
would allow the air to escape to the atmosphere. 

Q. What oonid be the trouble with the retainer if, 
after the brake was applied and the retainer put in nse, 
no air escaped from it when the engineer increased the 
brake-pipe pressure? 

A. Port c might be blocked. 

Q. If we wish to nse a retainer in descending a grade, 
should the handle be turned up before or after the brakes 
are applied? 

A, It makes no difference, if everything is in proper con- 
dition. 

Q. Explain a case where it would not be proper to 
turn up the retainer handle until just before we wish to 
use it. 

A. If the rubber-seated or the slide valve in the triple 
leaked, and we turned up the retainer handle, air would ac- 
cumulate to a pressure of fifteen pounds in the cylinder if 
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the leakage groove were closed and set the brake on this car. 
If the train vere just pulling over a Biunmit, the brake being 
on might stall the train. 

Q. How could we tell if it was safe to turn np a re- 
tainer huidle before reaching: the top of a hill and not 
have the brakes drag? 

A. Put the hand over the exhaust port and hold it there 
a few Beconda, to see if any air ie issuing; if not, it ia safe 
to turn up the handle. 

Q. Give a rule to produce best results in using the 
retainer. 

A. In testing retainers while standing, turn up the handles 
at your convenience before or after the brakes are applied; but 
using them on the road, turn them np after the brakes are 
applied or a short time before wishing to ua tiiem. 

Q. Is a retains ever used except to steady a train 
when reobtu-gin^? 

A. Yes; when brakes have been applied too hard, a few 
are sometimea used to keep the alack bunched after releasing, 
when drifting along preparatory to making a atop. 

Q. Set a brake with the full service application, then 
turn up the retainer handle, release and recharge. After 
charging the auxiliary in full again, make a full service 
reduction. Will the brake set any harder one time than 
another? 

A. Yes, it will set harder the second time. 

Q. Why? 

A. When we started to apply the brakes the first time, 
we had seventy pounds auxiliary rcaervoir pressure and 
nothing in the brake cylinder. The second time we had 
seventy in the auxiliary and fifteen pounds in the brake cyl- 
inder. By comparison we see that we had more air the 
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aecond time with which to do our braking, and the preaaures 
will therefore equalize higher. 

Q. Would we gsiQ more the second time over that of 
the first with a long or a short piBton travel? 

A With the long, because the retaining valve on the long 
travel car retains the same number of pounds in the cylinder 
as on the short one, but a larger volume; having a greater 
volume the pressures equalize correspondingly higher, 

Q. Do we gaan the whole fifteen pounds more the sec- 
ond time oyer what is obtained the first? 

A. No; we gain from about three to six pounds pressure, 
according to the piston travel. 

Q. About bow much pressure do we get in the brake 
cylinder for a five-ponnd brake-pipe reduction? 

A. It varies from seven to eleven pounds with average 
piston travel. It may be more or less, but this would be a 
fair average. 

Q. After getting the use of the fifteen pounds that the 
retainer holds, how much pressure would we then get in 
the cylinder for a five-pound brake-pipe reduction with 
an average piston travel? 

A. Between thirty and forty pounds. 

Q. Where a twenty-pound reduction will set a brake 
in fuU without the aid of the retains:, how much reduc- 
tion is necessary with the fifteen pounds it holds to aid? 

A. From twelve to fifteen pounds with fair travel, Bad 
old style Kew York or Westinghouse triples about 15 pounds 
with the quick-service triple, 

Q. Name another gain after obtaining the use of the 
retainer. 

A. If we have to apply the brakes in full, it does not 
take so long to recharge, as the auxiliary and brake cylinder 
pressures equalize higher with the retainer to aid. 
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6 591^ 63 

7 581^ 63 

8 57V2 63 

9 5614 61^. 

10 551/2 Gl 

11 55 60 

Tbe above flKures were obtained by taking an aTsrage of four 
tests for each condltioa, UBlng old stfle Westlngbouae triple 

Each test, was made with a brake pipe and auxiliary reservoir 
pressure of seventy pounds. 

The flret column represents the piston travel. 

The second column represents tbe brake-cylinder preaaure ob- 
tained in emergency. 

The third column represents the brake-cylinder pressure ob- 
tained In emergency after the retainer has been used; that is, 
there was already a pressure of fifteen pounds In the brake-cylin- 
der held by the retainer when the emergency was used. These 
figures would be the same for either the old style or quick-service 
Westlnghouae triple vslves. 

The fourth column represents the brake-cylinder pressure ob- 
tained with a five-pound service reduction. 

The fifth column represents the brake-cylinder pressure ob- 
tained 'With a five-pound service reduction after once obtaining 
the use of tbe air held in the cylinder by the use of the retainer. 

The sixth column represents the brake-cylinder pressure ob- 
tained with a full service reduction. 

The seventh column represents the brake-cylinder pressure ob- 
tained with a full service reduction after getting the use of the 
retainer. 

+ simply means that the gauge used registered no pressure leas 
than five pounds. With an 11-inch travel the air Is expanded 
into BO large a space that a very small pressure Is obtalued. 

The Ubie shovld be read from the left to the right. 
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Fio. 33. — Retainiho Valve used Fig. 34.— Pullman Retainino 

WITH 12, 14 AND 16-INCH Brake Valve, used a^ Vestibule 

Ctundebb. Cabb. 



Fio. 35. — Standabb Retainino Pio. 36. — Dbiykb-bi 

Valve used with 6, S and 10- Retainino 

IHCH BBAKE CYLlSDERa. Valvb, 
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Q. What are the retaining' valves shown in Figs. 33, 
34, 35, and 36? 

A. Figs. 33 and 34 represent valves designed to operate 
with !3, 14 and 16-inch cylinders. Though slightly dif- 
ferent in structure, the operation is practically the same as 
the one already described. 

Q. Why is it necessary to have two setB of retaining 
valves for nse with 6, 8, and 10; and 12, 14, and 16-ineh 
cylinders? 

A. It is essential in releasing brakes that the pressure in 
all cylinders be reduced about alike. The ports in the valves 
for use with 13, 14 and 16-inch cylinders are correspondingly 
larger than those in the valves for use with the smaller cyl- 
inders. 

Q. What is the purpose of the extension handle (Fig. 
34)? 

A. This valve is for use on vestibule cars. The body of 
the valve is located outside the vestibule, but the handle ex- 
tends within. 

Q. What IB the common name for this valve? 

A. The "Pullman Retaining Valve." 

Q. What is the dlffn^nce between this valve and the 
corresponding one for use on cars not equipped with vesti- 
bules? 

A. The keys are set at right angles to each other in the 
bodies of the two valves and, as already explained, the "Pull- 
man" valve has an extension handle, 

Q. Is the operation of the two and the results accom- 
plished the same? 

A. Yes. 

Q. How many kinds of retaining valves are furnished 
1^ the Westinghouse Company, and what is their nse? 
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A. Five. The one shown in Fig. 35 is for use with 6, 8, 
and 10-inch cylinders on non-vestibule cars; practicatlj the 
same valve, hut with an extension handle and key at right 
angles, is used on vestibule cars. Figs. 33 and 34 represent 
the corresponding valves for use with 13, 14, and 16-iiich 
cylinders. Fig. 36 is a cut of the Driver-Brake Eetaining 
Valve, 

Q. How does the DriTer-Brake Retuiung Talve oper- 
ate? 

A, In the same general way as the other, except that, if 
so desired, it may be placed on lap, as indicated, in which 
position no air can escape from the brake-cylinder. When the 
handle points straight up the usual 15 pounds is retained, 
when the triple piston is forced to release position. 

Q. For what special use mis the Driver-Brake Itetain- 
ing Valre designed? 

A. For use on freight engines and those hauling long 
passenger or excursion trains. It furnishes a means, within 
the control of the engineer, by which the slack of a train may 
be kept bunched, if desired, when drifting up to a water crane, 
releasing brakes at slow speeds, and under similar conditions. 
This, of course, is not necesary when the engine is equipped 
with straight air. 
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CHAPTER TV. 

WESTINGHOUSE AIR PUMPS 

Q. What lizM of pumps are there? 
A. The 8, 914, 11, and 8^-inch cross compound. 
<^ What is the use of the pump in the air>brake sys- 
tem? 

A. To compreBS the air used in applying and releasiag 
the brakes. 
Q. Which pnmp has been mostly used and why? 

A. Two 914-ineh pumps, because the number of air cars 
now used in trains requires a greater capacity to insure re- 
charging the train more quickly in descending grades. The 
use of two pumps also does away with an engine failure if 
one pomp should fail. 

Q. How is dry steam obtained for the pomp? 

A. A pipe is screwed into the dome near its top and a 
pmnp throttle conveniently located in the pipe, or a dry 
pipe is run from the top of the dome back through the 
boiler and coupled to a pump throttle screwed into the top 
of the boiler inside of the cab. Steam is also taken from a 
"fountain" conveniently located. 

Q. What wobld happen if this dry pipe leaked inside 
the boiler? 

A. Water would work into the pump and wash out the oil, 
causing the pump to groan and cut. 
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Q. What is placed between the pomp throttle and the 
pomp? 

A. The lubricator and pump govemor, 

Q. How are tiiey located? 

A. The pump governor next to the pump, and the lubri- 
cator between the governor and pump throttle. 

Q. What would happen if the Inbricator were plmed 
next the pump? 

A. When the pump governor shut off the steam, with 
the lubricator ordinarily used, the steam between the lubri- 
cator and pump governor condensii^ would form a vacuiun 
that would draw all the oil from the lubricator, and there 
would be a great waste of oil. 

9^-INCH PUMP. 

Q. What is the office of the parti in the top head of 
the OVs-inch pump (Fig. 37)? 

A. They with the rereraing rod 71 form the steam valve 
motion of the pump. 

Q. What ia Pig. 87? 

A. Two views of the 9i^inch pnmp showing the steaiu 
and air pistons and rod, and the valve motion in ihe top 
head. 

Q. What are ports b, d, and c (Fig. 37)? 

A. They correspond exactly to the porta in the valve Beat 
of a locomotive. 

In Fig. 37, we see that b leads to the bottom of the steam 
cylinder, c' to the top, and d leads to the exhaust pipe at Y. 

Q. Of what use is port t (Fig. 37)? 

A. It is a port by means of which chamber jB at the left 
of the small piston 79 is connected with the atmosphere 
through port d. 
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Q. If this port were not there, would the pomp n- 

verse? 

A. No; when the main valve pistons 77 and 79 moved 
to the left, a back pressure would be formed in chamber E 
that would atop the reversing movement of the pistons 77 an!l 
79 and stop the pump. 

Q. Explain the passage of steam after it ttnten the 
pnmp at X and its effect. 

A. Steam coming from the boiler through the pump gov- 
ernor enters the pump at X, thence passes through ports a, a' 
and 1^ (Fig, 37), into chamber A between the main valve 
pistons. The area of piston 77 being so much greater than 
that of 79, the steam moves these pistons to the right, carry- 
ing the slide valve 83 with them to the position shown in Fig. 
37. Steam in chamber A is now free to pass through ports b, 
h' and 6* underneath the main piston 65. 

Q. What would become of any steam above piston 65? 

A. Any steam above this piston is free to pass to the at- 
mosphere through ports c, c', the exhaust cavity B of the slide 
valve, d, d', d^, and through the exhaust pipe from Y. 

Q. How is the pomp reversed? 

A. The main piston 65 is now being forced up by the 
steam pressure, and just before it reaches the top of its stroke 
the reversing plate 69 strikes the lug j on the reversing rod 
71, lifting the rod. As this rod is lifted the reversing slide 
valve 72 is carried up with it, and the pump is reversed. 

Q. What is the duty of the raverBin^ slide valve 72? 

A. The duty of this valve is to admit and exhaust steam 
from chamber D between the piston 77 and head 84, and, as 
now shown, it exhausts steam from cavity D through ports 
h and A', port H of the reversing slide valve, and through 
ports.jf, /', d, d' , d'j-and out at Y- 



118 Air-Brake Catechism 

Q. How does raiBing the rerersiiig slide valve rerene 
the motion of the pump? 

A. As the reverBing valve is lifted by the rod 71, port 
g in the bushing is exposed to the Bteam pressure which is al- 
ways in chamber C, which is in constant coraniunication with 
chamber A by means of ports e and e'. 

When valve 72 is raised, steam passes through port g into 
cavity D. We now have equal steam pressure on both sides 
of piston 77, and it is balanced; but the pressure acting on 
the right of piston 79 moves the pistons and the slide valve 
to tlie left connecting the steam pressure in chamber A with 
the top of piston 65 through ports c' and c and the under 
side of piston 65 is connected with the atmosphere through 
ports b', b' , b, cavity B of the slide valve 83, d, d', d?, and 
out at Y. 

Q. The piston 66 is now on its down stroke; what 
brings the stroke to the point from which we started? 

A. The reversing plate 69 strikes the button at the bot- 
tom of the reversing rod 71 and puHa the reversing slide valve 
73 down to its position as shown in Fig. 37. We have now 
completed one entire stroke of the pump. 

Q. Which are the receiving valves? 

A. Those marked 86 at the left of the air cylinder. 

Q. Which are the discharge valves? 

A. Those marked 86 at the right of the pump. 

Q. Describe the action of the air end of the pnmp. 

A. As piston 66 is raised, the air above the piston ia 
compressed and a vacuum would be formed underneath 
if air from the atmosphere did not enter through the lower 
receiving valve 86. 

The ports are so arranged that the pressure above the pis- 
ton will strike the receiving valve from above, forcing it 
to its seat, and the discharge valve underneath, forcing it 
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from its seat, allowing the compressed air to pass down and 
out into the main reservoir at Z. 

The suction underneath thtf piston allows atmospheric 
pressure entering at W to force the lower receiving valve 
from its seat and fill the cylinder underneath the piston with 
air. The lower discharge valve 86 is held to its seat by main 
reservoir pressure. When the pump is reversed, the opposite 
valves from those just described are affected in the same way. 

Q. Of what me is the port in the cap 74 which leads 
to tiie top of the stem 71? 

A. This port is connected with the top end of the steam 
cylinder. Were it not for this port there would he a back 
pressure on top of stem 71 which would not allow the revers- 
ing slide valve to be raised to reverse the pump. This port 
is connected with the atmosphere through the top end of the 
steam cylinder, each time this end of the cylinder is connected 
with the atmosphere. 

Q. What is the capacity of a 9y3-iucb pump in good 
condition? 

A. With one hundred and forty pounds of 8t«am pressure, 
a 914-inch pump will compress air from zero to seventy 
pounds in about thirty-eight seconds in a reservoir 26^ i 
34 inches, and from twenty to seventy pounds in about twen- 
ty-seven seconds. When operating at one hundred and twen- 
ty single strokes per minute, it should deliver about twenty- 
eight cubic feet of free air per minute against ninety pounds 
air pressure. 

9^Inch Pdmp — Peouliahitieb, TaoxmLBS, Case. 

Q. What should be done in packing the pump? 

A, It should be packed loosely and the gland nuts 96 
screwed up only sufficient to prevent a blow. Do not use a 
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wrench if no blow exiatB when the gland is screwed up by 
band. 

Q. Should asbestos or anything 'contamiuj: much mb- 
ber be used in packing a pump? 

A. Ho; aebeetoB hardens and is hard to remove, and rub- 
ber ia likely to wear the stem too much. 

Q. How often should the air end of the pump be oiled? 

A. Modern practice demands that a pump in freight and 
pasaenger service should be oiled according to the work which 
they perform. The old method of oiling a pump only when 
it groans has been abandoned. 

Q. Some pnmps have been run witbont ever 
oiling the air end; how did the lower cylinder receive its 
lubrication? 

A, From the swab which should always be placed on 
the piston rod, and from the oily condensation that follows 
down the rod. 

Q. What kind of oil should be used in the air end of 
the pomp? 

A. A good quality of valve oil gives the beat results. The 
same oil that is used in the steam cylinder also gives best 
results in the air cylinder. 

Q. What care should be taken in starting a pump? 

A. It should be started slowly so as to get a pressure of 
twenty or thirty pounds for the air piston to cushion upon, 
and the condensed steam should be gotten rid of before the 
pump attains any speed. Get the lubricator at work as soon 
as the pump is started. 

Q. Does any harm result from oiling the air end of the 
pump through the suction? 

A. Yes; the suction holes are stopped up, the air valves 
gammed, and a generally dirty and inefEective pump results 
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Q. What tronble will caiue ttie pomp to blow? 

A. Packing rings in the main steam and reveiBing pis- 
tons leaking, slide valve 83, or a leaky reversing slide valve 
72 are the main troubles. 

Q. What w'll cause a pomp to pound? 

A. It will pound if it is not fastened firmly, if the air 
valves are stuck, or if there is too great a lift of air valves. 
Sometimes it will pound if the reversing plate ie worn too 
much to reverse the pump quickly enough, or if the nuts be- 
low the air piston are loose. 

Q. What would be the effect if the top discharge valve 
were stuck open? 

A. Main-reservoir pressure would always be on top of the 
air piston; this would cause a slow up-stroke and a quick 
down-stroke of the pimip. No air would be drawn into the 
pump on the down^stroke. If the oil cock were opened on 
the pump, there would be a constant blow at that point as 
long as there was any pressure in the main reservoir, and 
no oil could be put into the air cylinder, as it would be 
blown out by the escaping air, 

Q. What would he the effect if the bottom discharge 
valve were studc open? 

A. The same eScct as above described, only on the opposite 
stroke of the pump. In this case the oil cock would not tell 
us anything, 

Q. What would be the effect if the top discharge valve 
were stuck shut? 

A. The pump would have a slow up-stroke, and unless the 
valve were forced from its seat, would stop or go slow enough 
to allow the pressure above the air piston to leak by the 
packing rings when the air pressure above the piston became 
as high as the steam pressure. 
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Q. What would be the effect if the bottom discharge 
valve were stack shut? 

A. The same effect as just dcBcribed, but on the opposite 

Bttoke. 

Q. What effect would follow if the top receiving valve 
were studE open? 

A. Air would be drawn into the pump on the down-stroke 
and forced back through the inlet port to the bottom of the 
air cylinder on the up-stroke. By placing the hand on the 
air inlet and watching the piston this trouble may be easily 
located. The pump would have a tendency to work faster 
on the up-stroke. 

Q. What effect would follow if the bottom receiving 
valve were stuck open? 

A. The same as just described, but on the opposite stroke 

Q. What would be the effect were the top receiving 
valve stack shat? 

A. No air would be drawn into the pump on its down- 
stroke, and a partial vacuum being formed above the piston , 
would cause the pump to have a slower down-stroke, as the ' 
vacuum would be working against the steam, and a faster 
up-stroke, as the vacuum would be working with the steam. 

Q. What would be the effect if the bottom receiving 
valve were stack to its seat? j 

A. The same as with the top receiving valve stuck shut, 
but on the opposite stroke. 

Q. How may a stuck valve usnally be loosened? 

A. By tapping the valve cage lightly. l 

Q. How will a pump work with dirt on the seat of a ' 
discharge valve? 

A. The same as with a stuck receiving valve. The dirt 
on the valve allows main-reservoir pressure to feed back into 
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the pump and aid the steam on half the stroke, causing one 
stroke to be quick, and work against the steam on the othet 
stroke, causing the pump to work slow. 

Q. How could we tell that a receivinj: valve was stuck 
shut, or a discharge valve open, aside trom the erratic 
aotloii of the pump? 

A. The hand placed on the strainer would feel no air 
drawn in on one-half of the stroke. 

Q. How can we tell if the top discharge valve has a 
poor seat? 

A. Open the cock 98 (Fig. 37) and air will issue thence 
constantly if the dirt on the seat of the valve allows tnain- 
reaervoir pressure to feed back into the cylinder. 

Q. What caused some of the flnt SV^-inch pumps to 
stop? 

A, The port g did not extend quite far enough, and the 
wear of piston 77 would sometimes allow it to travel far 
enough to close port g entirely, and the pump could not be re- 
versed. 

Q. How may a pomp often be started if it stops? 

A. By jarring tightly on the top head. 

Q, At what speed are good results obtained from a 
piunp? 

A. From forty-five to sixty double strokes a minute on 
a level, but in handling air trains on a grade this speed 
should be increased according to work to be done. 

Q. Why is it best not to run a pump too slow? 

A. A pump running too slow will allow the air that is 
being compressed to leak by the packing rings 67 and air will 
not be drawn in at the other end of the cylinder as it should. 

With sixty strokes to the minute, a pump will make more 
air than with the same number of strokes spread over three 
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mioutes. In the latter case the compressed air has too much 
'time to leak by the air piBton-packing rings, 

Q. How can we tell if the pr^ddiig rings in a pnmp ate 
loose? 

A. Have the pump working at fair speed and put the 
hand on the air inlet to see if the air is drawn in full stroke. 
Try thia on both strokes, and if air is drawn in only during 
a part of each stroke, the rings are loose, 

Q. What lift shonld tlie receiving' and discharge vtJ.VM 
have? 
A. 3/33 of an inch. 
Q. What will canse s pnmp to heat? 

A. Too small lift of air valves, racing a pump, loose air 
piston-packing rings, using a small main reservoir on long 
trains, packing the piston rod too tight, or using so mucli 
oil on the air end of tlie pump tliat the pipe leading from the 
pomp to the main reservoir is partly closed by the oil being 
baked to it. The pipe gradually becomes so small, that the 
friction caused by the air being forced through it causes the 
air to heat. This heat spreads to the pump, 

Q. What should be done to cool a hot pomp? 

A. Ease up on the speed, when possible, if running fast, 
remove cap 74, and pour a small amount of good oil into the 
pump. 

Q. If the packing bums ont of a pnmp, can it still com- 
jffess air? 

A. Yes; the lower half of the air cylinder will not be af- 
fected. 

<^ Does compressing air cause it to heat? 

A. Yes; the. higher the pressure the greater the degree 
of heat, because of the friction due to forcing the air particles 
closer together. 
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Q- What is likely to be the tronhle if a pnmp dances? 

A. A leak on the seat of tlie revereing slide valve or a 
bent reverBiiig stem ; also a burr being worn on the reversing 
plate, thuB allowing the button on the stem to catch. Too 
much lubrication has also been known to cause the reversing 
valve to fall and the pump to reverse. 

Q- How shotild a pnmp be located? 

A. It should be where the engineer will notice it if it 
sto[n. Under no consideration should it be located lower 
ttian the main reservoir, as dirt and water would stay in the 
pump, 

Q. How may a pomp be cleaned? 

A. By allowing a solution of lye in hot water to work 
through the pump. The pump should be worked slowly and 
the water caught in a pail before it enters the main reser- 
voir. Run the solution through several times ; then run clean 
hot water through to wash out the lye, or it will eat the 
leather gaskets throughout the brake system. 

Q. Where does the exhaust pipe connected to the pomp 
at Y lead? 

A. Usually to the smoke box in the engine, but this prac- 
tice is gradually giving way to the better one of running the 
exhaust pipe into the exhaust passage from the main cylinder 
to the stack. This latter method almost does away wifh the 
draught on the fire caused by the pump exhaust thus saving 
fuel, and the ptunp makes very little noise in working. Some 
engines are piped to carry the pump exhaust up over the cab, 
but this ia awkward, noisy, and keeps the cab dirty. 

Q. What effect woald be prodaced if the gasket under 
the t<9 head leaked? 

A. If the leak were between the two ports, one leading 
to the top and the other to the bottom of the main piston, 
the pomp would stop. ogi ;cj l, GooQ I 
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The accompanying table shows heat due to compression. 
This heat depends upon the initial temperature. The rise 
in temperature is due to the heat of compressioQ. 
Temperature of air before compression 60' 90° 
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Westinghousb "Bight and Left-Hand" Nine and Onb- 
Half Inch Pump. 

Q. What is the difference between the nine and one- 
half inch pump shown in Fig. 38 and the one shown in 
rig. 37. 

A. The operation of the two pumps is exactly the same; 
the parts are identical with the exception of the steam and 
exhaust connections, and tlie drain cock put in to drain any 
accumulation in port A. 

Q. How do the steam tmd exhaust connections differ. 

A. Both are extended through to the other aide of the 
pump for convenience in piping in case it la deairable to locate 
the pump on the left side of the engine. 

Q. Explain the proper ose oiC the connections as shown 
in Fig. 38. 

A. A is the steam inlet and B the steam exhanst. 

Q. What must be done if this pump shonld he changed 
to the right side of the engine? 
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A. Bemove plug at C and fittings at A and exchange 
them; the same should be done with the plug at D and fit- 
tings at B. C vill then be the eteam inlet and D the steam 
exhaust. 
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Q. Why is this pump named compound? 

A. Because in the steam end it uses the steam expansively 
in two cylinders, and in the air end it compounde the air 
in compression. 
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Q. Is this type of pump mote economical in the hm of 
steam than the familiar types which have already been 
descnbed? 

A. Yes, it is more economical in steam consumption, us- 
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ing less than one-third the steam required by the 9^-inch 
pump to compress the same quantity of air. 

Q. In general design and conKtmction, how does it 
compare with the 9y2-iAch and 11-inch pomps? 

A. With the exception of the number of cylinders and 
the type of m^in slide valve, it is of the same general plan, 

Q. Which are the steam cylinders and which are the 
air? 

A. The two upper cylinders are the steam and the two 
lower the air, this arrangement being tlie same as that of tlie 
other Westinghouse pumps. 

Q. What are the diameters of the respective cylinders? 

A, The smaller steam cylinder is S*^ inches, the larger 
is 14^ inches, in diameter; the smaller air cylinder is 9 
inches, and the larger 14i/a inches in diameter. 

Q. What names are used to distingnish these cylin- 
dras? 

A. The smaller cylinders are called the high-pressure 
steam and the high-pressure air, while the larger ones are 
called the low-pressure steam and the low-pressure air. 

Q. How are the high and the low-pressnre cylinders 
arranged with respect to each other? 

A. The high-pressure steam cylinder is above the low- 
pressure air cylinder, and tlie low-pressure steam is above 
the high-pressure air cylinder, 

Q. What type of reversing-valve gear is employed in 
this pnmp? 

A. The same as in the 9i^-ineh and the 11-inch pumps. 

Q. Does it operate the same? 

A, Practically the same. 

Q. How are the pistons and the rods connected? 

A. The high-pressure steam and the low-pressure air pis- 
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tons are connected by one piejfia rod, and the low-pressure 
Bteam and the high-preseure air pistons are connected by the 
other. 

Q. How many air valvra h&s the pump, and what are 
they called? 

A. It lias ten valves; there are four receiving, four inter- 
mediate, and two discharge valves. 

Q. How many air strainers has the pnmp? 

A. Two, one for the upper receiving valves and one for 
the lower. 

Q. In which air cylinder are the air-receiving valves 
located? 

A. In the low-pressure air cylinder. 

Q. Where are the intermediate air valves located? 

A. They are located between the low-pressure and fhe 
high-preasure air cylinder. 

Q. Where are the discharge valves located? 

A. They are located in the ends of the high-pressure air 
cylinder. 

Q. What is the difference between the main valve in 
the cross-compound and the ordinary D slide valve of the 
gi/a-inch pump? 

A. The main valve in the cross-compound is made up of 
five pistons connected rigidly together; a large one on one 
end; a Email one on the other; and three intermediate pis- 
tons all the same size. 

Q. What are Figs. 40 and 41, and what do they show? 

A. They are diagrammatic drawings of tlie cross-com- 
pound pump, and show the various ports and passages and 
the relative positions of the various parts on the np-stroke 
and the down-stroke of the pistons. 

Q. Explain the operation in the steam end on the up- 
stroke of the high-pressure steam piston. 
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A, Referring to Fig. 40, steam from the boiler enters the 
pump at the point marked "steam inlet," flows through pas- 
sage a to the top head and iills the main valve chamber be- 
tween the small and first intermediate pistons, and also be- 
tween the third intermediate and large pistons. It also 
flows into the reversing valve chamber. The chamber D to 
the right of the large main-vaive piston is connected to the 
exhaust through ports m and I. The small main valve piston 
is always connected to the exhaust through port c. The three 
intermediate pistons being equal in diameter are alwavs bal- 
anced. The large and small pistons have steam pressure in- 
side and exhaust outside, which results in forcing the main 
valve to the right to the position shown. This brings chamber 
b in register with port and passage g leading to the lower end 
of the high-pressure steam cylinders, thus providing for the 
admission of live steam under the high-pressure steam pis- 
ton 7, starting it on its upward stroke, 

Q. Where does the steam go that was uaed in the high- 
pressore steam cylinder on the previous down stroke? 

A, Port c in the slide valve seat, which leads into the up- 
per end of the high-preasure steam cylinder, connects through 
chamber h with port d in its seat, which leads into the upper 
end of the low-pressure cylinder, thus the steam from above 
the high-pressure piston exhausts through port c, chamber h, 
and port d into the upper end of the low-pressure steam cyl- 
inder, and drives the low-pre^ure piston on its down stroke, 

Q, How is the steam in the low-pressure cylinder below 
piston 8 released as the piston conies down? 

A. Port and passage / in the cylinder and top head is con- 
nected by chamber i with port e leading to the steam-exhaust 
pipe. 

Q. Does the low-pressnre piston make its down stroke 
88 the high-pressure piston makes its up stroke? 
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A. YcB, and vice versa, as the low-presBnre piston makes 
its ap stroke the high-pressure piston makes its down stroke. 
Q. How is the stroke of the steam pistons reversed? 

A. When the high-pressure gteam piston approaches the 
upper end of its cylinder, the reversing plate 18 engages the 
shoulder on the reversing valTe rod 21, forces this rod and 
the reverBing valve 22, which is attached to it, upward to 
the position shown in Fig. 41, The reversing valve 22 in this 
position admits steam to chamber D outside the large piston 
through port n. This balances the large piston, and leaves 
the small piston alone unbalanced, having steam pressure on 
the right and exhaust on the left. This results in moving the 
main valve to the left as shown in Fig. 41. In the position 
shown, live steam enters the upper end of the high-pressure 
steam cylinder through chamber b and port c in its seat, thus 
causing the high-pressure steam piston to start on its down 
stroke. At the same time the high-pressure steam piston 
starts on its down stroke, the steam in the lower end of the 
high-pressure steam cylinder exhausts through port and pas- 
sage g in the slide-valve seat, chamber t, and port and passage 
f leading to the lower end of the low-pressure steam cylinder 
and starts the low-pressure piston on its np stroke. The 
steam above piston 8 escapes to the atmosphere through port 
d, cavity h and port e. 

Q. Explain the operation in the air end. 

A. Commencing with the low-pressure air cylinder, it will 
be seen that as the low-pressure air piston is making its np 
stroke, it tends to form a vacuum behind it and the atmos- 
pheric pressure raises the lower air-inlet valves 38 and air 
ilows into the cylinder past these valves, to fill the partial 
■vacuum formed by the moving air piston. The air contained 
in the cylinder above the piston is compressed, as the piston 
advances, and is forced past the intermediate air valves 39 into 
the upper end of the high-pressure air cylinder above the 
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high-preaanre piston 10. Upper air-inlet Talves 37 are forced 
to their seat during the vp stroke of the low-presaare piston, 
thus preventing the escape of anj- air back to the atmosphere. 
The air compressed by piston 9 on its up stroke is forced into 
the chamber above piston 10 and aids the steam acting down- 
ward on piston 8 to force pistons 8 and 10 downward. 

On the down stroke of the high-pressure air piston 10, the 
air under it which was previously forced into this cylinder, 
by the low-pressure air piston on its down stroke, is com- 
pressed to main reservoir pressure and forced out past the 
lower discharge valve 43 to the air-discharge pipe and the 
main reservoir. 

On the down atroke of the low-pressure and the ap stroke 
of the high-pressure air pistons, the operations just explained 
are repeated, only the air is drawn in from the atmosphere 
past the upper dischai^e valVes 37, and is discharged past 
lower intermediate valves 40 into the lower end of the high- 
pressure air cylinder, and is discharged to the main reservoir 
past the upper discharge valve 41 into the air-discharge pipe 
and main reservoir. 

Q. What TnaximTim pressure does the low-pressnra air 
piston work against? 

A. About 40 pounds. 

Q. What maximnm pressure does the high-preesnre 
air piston work ajrainst? 

A. Main-reservoir pressure, whatever it may be. 

Q. How does the capacity of the cross-componnd pnmp 
compare with that of the other air pnmps? 

A. When working with 200 pounds steam pressure, against 
a main reservoir pressure of 130 pounds it has nearly three 
and one-third times the capacity of the 9y2-inch pump, two 
and one-quarter the capacity of the 11-inch pump, one and 
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eight-tenths the capacity of the tandem compound pomp, 
and one and one-half times the capacity of the New York 
No. 5 duplex piunp, 

Q. Wh7 is it that the air capacity of this pump is so 
much ^eater than that of any of the others? 

A. Making due allowance for ita size, its greater capacity 
and efficiency ia due to its design which has cut down the 
clearance ratio to almost nothing, and because the air pistons 
have less difference of pressure on their two sides to work 
against, hence there is less packing-ring leakage encountered, 
and the pump runs cooler. 

Q. Is the low-pressure steam piston rod solid or hol- 
low? 

A. It is solid, and this piston, together with the high- 
pressure air piston, is called a floating piston. 

Q. Why are they called floating pistons? 

A. They perform no part in reversing the pump. 

Q. About how many cycles per minute should the 
pump speed be? 

A. About 65, and with 200 pounds of steam pressure it 
cannot be made to run any faster. 

Q. Then the pump cannot be raced? 

A. No, not even against a comparatively low air pres- 
sure, and it is practically impossible to create conditions which 
will result in any pounding. 

Q. With what steam pressures is this pump designed 
to operate? 

A. 160 pounds, or more. 

Q. How should it be started, drained, and lubricated? 

A. The same general rules given for the other pum|M 
apply in operating the compound. 
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The accompanying pump governor cut represente the old- 
style governor. 

Q. What does Fig. 42 illustrate? 

A. It shows a cross section of tlie oM standard single pnmp 
governor, which has lately been superseded by the SF-4 du- 
plex type, described on page 143. This single governor is, 
however, still largely used. 

Q. Explain the duty of spring 41. 

A, The tension of tJie spring 41 is regulated by the cap 
nut 40 and holds down the diaphragm 42, which in turn holds 
the small pin valve on its seat. 

The fitting iH is connected to main-reservoir pressure, 
When the preBsure entering at 45 and acting on the under 
side of the diaphragm 43 is greater than the tension of the 
spring 41, the diaphragm is forced up, thus lifting the pin 
valve, from its seat. 

Q. What effect does unseating this pin valve have? 

A, It allows air pressure to reach the top of piston 28, 
(Fig. 42), forcing it down and closing valve 26. 

Q. What ^ect does closing valve 26 have? 

A. It almost shuts off the steam supply and slows down 
the pump, BO that it operates very slowly. 

Q. Why does it not entirely stop the pnmp? 

A. A small port is drilled through valve 26, which al- 
lows a small amount of steam to pass through to the pump, 
thus causing it to operate slowly, thereby supplying the leak- 
age in the brake-pipe, and preventing the possibility of the 
pipes freezing in severe winter weather. 

Q. At the same time that air forces piston 28 down, 
^ere else does it go and with what effect? 
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A. It passes out of the small vent port, at vhich the 
arrow 37 points, to the atmosphOTe. 

Q. What is effected by any redaction of the main reser- 
Toir prasnre? 

A, Any reduction of main-reservoir preseute allows the 
spring 41 to force the pia valve to its seat, and what air still 
remains on top of piston 38 escapes through the vent port 37, 
and, with no pressure on top of piston 28, the spring 31 raises 
the piston 38 and valve 26, allowing full steam pressure from 
the boiler to reach the pump. 

Q. Of what use is the spiixig nndei; the head of the 
pin valve? 

A. To hold the valve up when piston 43 is raised. Were 
it not for the spring, the pin valve would remain seated by 
gravity. 

Q. If any air should leak by piston 28, or any steam 
shonld leak by the stem of the valve 26 into the cavity 
nnder piston 28, how would it escape? 

A. There is an opening in the casing 33 connected to a 
drip pipe which leads to the atmosphere. 

Q. What effect would be noticed if this drip pipe be- 
came clogged with dirt or were frozen shut, when there 
was a leakage of steam up under the governor piston? 

A. Piston 38 could not be forced down, and the pump 
would not stop working until the main-reservoir pressure was 
about equal to boiler pressure. 

Q. What would be the effect t the release port 37 
{Fig. 42) were closed by dirt? 

A. The pump would be very ^low in starting to work 
after once stopping. 

Q. Why? 

A. Because, when the pic valve closed, the cavity above 
piston 28 would be filled with main-reservoir pressure, which 
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could escape only by leaking by the packing ring 39 and 
out to the atmosphere through the drip pipe. 

Q. What effect wonld dirt on the seat of the pin valve 
have? 

A. It would make a constant blow out of the vent port, 
and if air could leak in faster than it could get out of the 
vent port, the pump would either stop or work very slowly, 
even if the pump throttle were wide open. 

(J. Why would it work slowly? 

A. Because the pressure on piston 88 may force the valve 
26 partly shut and allow only a small amount of steam to 
reach the pump. If the leak were bad enough, the pump 
would be stopped entirely. 

Q. What effect would be noticed if the pin valve be- 
came gummed so that it would not seat centrally? 

A. Air would pass down on piston 28, and the ac- 
tion of the pump would be the same as just described, with 
dirt on the seat of this valve. 

Q- What would be the effect if the casing: in which 
the governor piston works should become badly worn, 
and a worn ring 29 were replaced with a new one without 
truing the casing? 

A. When piston 28 was forced down a little farther than 
usual, it might stick, causing the pump to stop. A jar on 
the governor might start the pump. 

Q. Why was this type of governor superseded by the 
SF-4 type? 

A. So as to obtain the beneficial results of the duplex 
main-reservoir regulation in all equipments. This arrange- 
ment is described on page 174. 

Q. Is there any difference with these two governors in 
the principle of governing the pump? 

A. No; the only difference is that the pump can be 
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PiG^B.— The SF-4 Pump Governor. The modified duplex pump' 
^^mor used in the No. 6 K T iocomolive- brake equipment. 
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Sir — main-reservoir pipe, direct; ABV — pipe to automatic Di 
valve; FVP — branen of feed valve pipe; B — steam pipe to 
boiler; P — eomiectionwith airpump; W — waste-pipe connwtion. 
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a'atomatically governed at two different preBaures, depending 
on the position of the brake-valve handle. 

The Phesent Standard (SP-4) Pomp Govbbnor. 

Q. What is represented in Fi^f. 43? 

A. The new duplex pmnp governor, used with all present 
standard locomotive brake equipments, 

Q. Of what does the duplex governor consist? 

A. Of two preBSure heads which operate in conjunction 
with one steam portion of the governor. The former type 
of duplex governor was made by unscrewing the entire pres- 
sure head from the cylinder cap 27, Fig. 43, and replacittg it 
with a "Siamese fitting," No. 14, Fig. 43, which was arranged 
for two pressure heads, both just alike, and placed side by 
side. 

Q. In what respect does this SF-4 type of duplex gov- 
ernor differ from the former standard? 

A, One of the pressure heads has two air connections and 
an excess-pressure regulating spring; in operation this head 
automatically maintains the excess-pressure for which it is 
adjusted, regardless of what the brake-pipe pressure may be. 

Q. At what point is the additional air connection 
made? 

A. To the side of the upper portion above the diaphragm 
28. 

Q. What pressure is always in the upper part of the 
excess-pressure head? 

A. Brake-pipe pressure. 

Q. What pressure is in chamber d under diaphragm 
28? 

A. When the handle of the automatic brake valve is in 
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release or ranning positions, main-reBervoir pressure is in tlis 
chamber. 

Q. When the brake-valve handle is not in nuiBixig' or 
release positions, what happens? 

A. The exceas- pressure head is cut out of operation, the 
pump then being under the control of the other presBUre head. 

Q. What is the other pressure head called? 

A. The "maximum-pressure" head. 

Q. What pressure is in ohamber a under diaphragm 
20, and when? 

A, Main-reservoir pressure, at all times. 

Q. When the brake-valve handle is in release or run- 
nisg positions, and main-reservoir pressure is under both 
diaphragms, why does not the taazimnm-pressnre head 
stop the pump? 

A. Because the regulation of spring 19 is for a higher 
pressure than is obtained in chamber d. This is fully ex- 
plained under Duplex Main-Beservoir B^ulation on page 
174. 

Q. Aside from the excess-pressure head and its air 
connection, is the SF-4 pnmp governor the same in con- 
struction, design and operation as the older standard du- 
plex pnmp governor? 

A. Yes, just the same. 

Q. Should care be exercised to keep all air connections 
tight and all ports in and aroond the governor open? 

A. In order to get satisfactory reBults all the pipe con- 
nections should be maintained perfectly tight and free from 
leakage, and all the vent porta should be kept open, 

Q. If any of the pipe connections should leal^ what 
would be the result? 

A. A waste of air, the amount depending on the ai>e of 
*^^1^^^«- D,„„z..., Google 
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Q. How ii the SF-4 pomp ^vemor adjusted to main- 
tain the proper ezceu preesore? 

A. Bj removing the cap nut on the exceBB-presaure top, 
and screwing down on the regulating screw 26 to increase 
excees-presBure; and by screwing up on this BCtew to reduce 
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CHAPTER V 
MAIN RESERVOIR 

Q. Where does the air go when it leaves the pmnp? 

A. To the main reaervoir. 

Q. Where does main reservoir pressure begin and 
where end? 

A. It begins where the air leaves the pump and ends at 
the engineer'a valve, 

Q. What is the object of the main reservoir? 

A. Its object is to act as a storehouse in which to keep 
a reserve pressure to put into the brake-pipe to release brakes 
and recharge auxiliaries. It also acts to collect moat of the 
dirt, oil, and moisture that leaves the pump, and condenses 
as the air cools. 

Q. How mnch main reservoir pressure is usually car- 
ried? 

A. Usually ninety pounds, although more ia used in moun- 
tainous country, when using the High-Speed Brake, the 
High-Pressure Control, or the Duplex Method of Main Ees- 
ervoir Regulation. 

Q. What size main reservoir is considered proper? 

A. One whose capacity is not less than 50,0OD cubic 
inches for freight, and 40,000 or more for passenger engine, 
according to the kind of service in which the engine is placed. 
Best results are obtained in freight service by using a main- 
reservoir capacity of 70,000 cubic inches, where the trains 
are of considerable length. 
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Q. How large should any main reservoir be? 

A. In releasing brakes in any service the main reservoir 
must be large enougli so that, wlien the brakes are applied and 
we wish to release thera, the main reservoir pressure will 
equalize with that in the brake-pipe, when connected with 
it, at a sufHciently high pressure to insure the prompt and 
certain release of the brakes. ■ 

Q. Vfhj is a larjfer main reservoir necessary in freight 
tluui in passenger service? 

A. Because there are a greater number of auxiliary res- 
ervoirs to eh^ige in freight service and a longer brake-pipe 
to supply. 

Q. When is a large main reservoir with fnll pressure 
most essential? 

A. After an emergency application, and especially after* 
a break in two. 

Q. What results are likely to follow the nse of small 
main reservoirs on engines pulling long trains? 

A. The pump is likely to heat, brakes are likely to stick, 
we will have a hard handling rotary, and the recharge is ac- 
complished more slowly. 

Q. Why is a pomp more likely to beat with a small 
main reservoir? 

A. Because the smaller the main reservoir, the higher the 
pressure has to be carried, and the higher the pressure the 
more is heat generated in compressing the air; therefore the 
pump is more likely to heat and burn out the packing. 

A second reason is that with a small reservoir, when re- 
leasing brakes, the pump must operate faster to charge the 
auxiliary-reservoirs before the speed of the train increases too 
much. The pump working very fast does not have time to 
take in a full cylinder of air each stroke; it then makes more 
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strokes to compress the same amount of air, tbaQ it woold 
were it working more slowly. 

Q. State tbe pdns made by xudng a largre main reser- 
voir? 

A. Preasure in the main reservoir and brake-pipe will 
equalize higher when releasing, aniiliary-reservoirs will be 
charged more quickly, the pump is not bo likely to heat, and, 
not working bo rapidly or against so high a pressure, will not 
wear out so fast, and the hrakes are not so likely to stick. 

Q. What should be the location of a main reservoir? 

A. If possible, at the lowest point in the air-brake system. 

Q. Why? 

A. To have all the dirt, oil, and moisture possible drained 
into it and drawn off through the drain cock, 

Q. Where is the main reservoir nsnally located? 

A. On each side under the running board. 

Q. Shoold it be located there? 

A. Yes, when it is possible to place there a main reser- 
voir of the regulation size ; but tbe size must not be Eacrificed 
for the position. 

Q. Is it right to locate it on the tank? 

A. Yes, if the requisite volume can be obtained in no 
other way; otherwise no. 

Q. Why is it not a desirable position? 

A. Oil and dirt will not drain into it as they should and 
when it is so located two extra lines of hose must riin be- 
tween the tank and engine, one to carry the air from the 
pump to the main reservoir, and the other to bring the pres- 
sure from the reservoir to the engineer's valve. These- hose 
get full of oil and dirt, decay, burst, and in the end prove 
very expensive. 

Q. How often should the main reservoir h^ ^drained? 

A, At the end of each trip. ' ''' 
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Q. Where does the water found in the main reservoir 
come from? 

A. It is drawn from the atmosphere, and deposited aa 
the air cools. 

Q. Does any of the condensed steam from the steam 
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end of the pomp leak hy the piston rod and then pass into 
the main reaerroir with the oompressed air? 

A. _ A trifle; but this is an inappreciable amount com- 
pared with what comes from the atmosphere, especially on 
rainy days. 

Q. What is ^nerally conceded to be the best prac- 
tice concerning main reservoirs? 
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A. To use tvo main-reservoirs, preferably long and of 
small diameter, and a cooling pipe of approximately 35 feet 
between the pump and tirst reservoir, and 25 feet between 
the first and second reservoirs. 

Q. Why is this done? 

A. Tests have sholra that, with these conditions existing, 
air cools properly before passing the brake vfelve and no water 
is found in the brake-pipe, thus doing away with the chance 
of frozen brake-pipes. 

The accompanying cut represents the drain cock for the 
main reservoir. This valve is screwed into the main reser- 
voir, and its operation is so simple that an explanation will 
be unnecessary. 

WESTINGHOUSE (G-C) ENGITfEER'S BRAKE VALVE 

Q. What was the first form of valve nsed? 

A. That which was known as the old three-way cock. 

Q. With what equipment was this nsed? 

A. With tlie straight air, with the plain automatic, and 
for a time, by a good many roads, with the quick-action 
brake. 

Q. What objection was there to it? 

A. It was not sufficiently sensitive, and there was great 
danger of throwing the brakes into emergency. 

Q. Why? 

A. Because reductions of brake-pipe pressure were made 
by instinct or sense of sound. An engineer having a' short 
train to-day and a long one to-morrow could scarcely avoid 
doing poor braking, as his valve was nothing much more than 
a plug valve. A reduction that was a trifle too heavy would 
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throw the triplea into quick action, and on a long train the 
reduction could riot be made too slow, or the air would blow 
through the leakage grooves in the brake cylinders. If the 
escape of air from the brake-pipe were suddenly checked, the 
air from the rear rushing ahead has a tendency to kick oH 
Bome of the head brakes. 

Q. In- changing the valve what was the object? 

A. To obtain a valve that would mechaoieally and grad- 
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Fdll Release Position. 



u^Uy make the desired reduction of brake-pipe pressure, re- 
gardless of the length of the train. 

Q. Explain the difTerent parts of the engineer's brake 
valve. 
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A. Y, T, W, and R are explained by referring to Figs. 46, 
47, and 48 ; X connects with the main-reservoir. 

31 and 33 are known respectively as upper and lower body 
gasket. 

14 is the rotary valve. 
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13 a gasket to keep main-reservoir pressure from leaking 
to the atmosphere. 

The space above piston 18 is known as cavity D; this 
cavity ia connected with the little drum, or equalizing re- 
servoir, by the pipe SI. 
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18 is the equalizing piston, 23 the brake-pipe exhaust. 

3 is the rotary value seat, and 4 is the vaive body. 

There is a tee in pipe 26 just after it loaveB the valve, one 
branch of which goes to the red hand on the gauge and the 
other to the pump governor. 

The other parts need no naming. 
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Q, Of what use is the engineer's valve? 

A. To give the engineer complete control of the flow 
of air. 
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Q. How many positions are there for the en^eer's 
valve? 

A. Five, 

Q. Hame them. 

A. Release, running, lap, service, and emergency posi- 
tions. 
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Q. Describe the use of the different positions. 

A. Release is that used for releasing brakes. 

Running position is the one used when running on the 
road and when the brakes are inoperative. 

Lap position is that which blanks all ports in the valve. 

Service is the position used when the brakes are to be 
applied gradually. 
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Emergency is the position used when the brakes are to 
be applied suddenly and with maximum power. 

Q. What conuectionB do we have with the valve in 
release? 

A. A direct connection between the main reservoir and 
brake-pipe through a large port, and between the main res- 
ervoir and cavity D, or the little drum, through two smaU 
porta. 

Q. Explain the fiow of air from the main reservoir 
throngh the engineer's valve in this position. 

A. In this position the main-reservoir pressure enters 
the valve at X, passes through port A, port a of the ro- 
tary 14, port b of the rotary seat 3 (Figs. 45, 46 and 48), 
up into cavity c of the rotary and tlirough port I into the 
brake-pipe at Y. As the air passes through cavity c of the 
rotary on its way to the brake-pipe, it is free to pass through 
port g (Fig, 4G) into cavity D. In this position, port / 
of the rotary (Fig, 51) is over port e in the rotary seat (Fig. 
46) also leading to the little drum, or cavity D. 

Q. Can main reservoir pressure reach the top of the 
rotary 14 at all times? 

A. Yes. 

Q. What is the valve shown in Fig. 46? 

A. It is the top portion of the old D 8 Brake Valve, 
a cut of which is inserted to convey a better idea of the 
flow of air through the brake valve in release position. 

Q. Does the passage of air through D 8 correspond to 
that of the G 6 Brake Valve in rdease position? 

A. Although the valves are somewhat different in con- 
struction, the flow of air in release position is practically the 
same in both brake valves. 

Q. How much main reservoir pressure is usualty cur- 
ried except in very mountainous country? 
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A. ITinety to one hundred pounds; in the deecFiption o( 
the valve it will be conBidered that 90 pounds is used, 

Q. How maoh pressure would we get in the main reser- 
voir, the brake-pipe and the little drum, were the handle 
of the engineer's valve to be left in full release position 
nntil the pump stopped? 

A. Ninety pounds in each, as there is a direct con- 
nection between tlie three. 

Q. What is the small blow we hear if the engineer's 
valve is allowed to remain in full release? 

A. It ia the escape of main- reservoir pressure throu^ 
the warning port of the rotary into the emergency exhaust 
(Fig. 48) and out to the ataiosphere. 

Q. What is this port and its pnrpoae? 

A. It ia a port, one end of which is about as large as 
a pin. When the engineer hears this blow it means to him 
that he must be careful or he will get ninety pounds pres- 
sure in the brake-pipe if he leaves the handle of his valve 
in full release position too long. 

Q. How much pressure is usually carried in the brake- 
pipe and little drum in country not mountainous? 

A, Seventy pounds. 

Q. How does the engineer prevent a ninety-pound 
pressure accumiilating in the brake-pipe and little .drum? 

A. By moving the valve to the second, or running posi- 
tion, 

Q. Why do we get only seventy pounds pressore in 
the brake-pipe with the valve in running position? 

A. Because in this position all air passing into the brake- 
pipe from the main reservoir haa to pass through the feed 
valve {Fig. 47), and this is adjusted to close as soon aa there 
ia a seventy-pound pressure in the brake-pipe. 
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Q. la mBninff posltdon w«' have the poBitlon of the 
rotarj as ihown in Fig. 47. Explain the passage of air 
in this position. 

A. The main-reservoir pressure passes through the ports 
/, / and /' (Fig. 47 and 51) into tlje feed valve, or brake- 
pipe governor as it is more commonly called ; thence through 
port * (Fig. 48) into port I (Figs. 46 and 48) and out into 
the brake-pipe at Y, As the pressure passes through port I 
into the brake-pipe it is also free to pass up into cavity c 
of the rotary, which is still over port I, as seen in Fig, 47. 
Port g is stitl exposed under c&vity c, and at the same time 
the air passes through the brake-pipe governor into the brake- 
pipe, it also passes into cavity c of the rotary, port g of the 
rotary seat (Fig. 47) and into cavity D, or the little drum. 

Q. The brak&-pipe governor closes when theore is sev- 
enty pounds in the brake-pipe with the valve in running 
portion. How mnch pressure do we get is the main resw- 
voir with the valve in this position? 

A. Ninety pounds. 

Q. What stops the pump when there is ninety pounds 
in the main reservoir? 

A. The pump governor, which is connected with main- 
reservoir pressure at 26 (Fig. 46). 

Q. Is the pump governor alwE^ set at ninety pounds? 

A. No ; only in level and hilly country. In mountainous 
country, it is set much higher, also in level country where 
exceptionally long trains are handled. 

Q. The red hand on the gage represents main reser- 
voir pressure, and the black hand is said to represent 
that on the brake-pipe. Is the pipe leading to the black 
hand connected directly to the brake-pipe? 

A. No; it is connected to the little drum preeaure. (See 21, 
Fig. 46.) 
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Q. Wl^ IB it called brake-pipe pressure if not connect- 
ed to it? 

A. Because in full release or running position port g 
furnishes a direct connection between the little drum and 
brake-pipe, and the pressures mtxet be equal. 

Q. What is the next position to the ri£;bt of naming 
position? 

A. Lap position. 

Q. How does the air flow with the valve in this posi- 
tion? 

A, There is no passage of the air as all ports are blanked. 
The rotary ia moved around sufficiently to shut off port j 
in the rotary from port / in the rotary seat, and a small lug 
on the inside rim of the rotary also covers port g, thus separa- 
ting the brake-pipe from the little drum. In this position 
the main reservoir, brake-pipe and little drum pressures are 
each by themselves. 

Q. What is the dividing: line between the brake-pipe 
and little drum pressures in this position? 

A, The equalizing piston 18 (Fig. 46). 

Q. Do we still refer to the black hand as representing 
brake-pipe pressure on lap, knowing the ports are closed 
between the little drum and brake-pipe? 

A. Yes. 

Q. If there were a leak from the brake-pipe, would the 
black hEmd fall back if the valve is on lap? 

A. Yea, but slowly. 

Q. Wlv? 

A. Because to have piston 18 work smoothly the packing 
ring 19 (Fig. 46) must not be absolutely tight. If the 
brake-pipe leaks, the little drum pressure will gradually leak 
by the packing ring into the brake-pipe and equalize with 
it. 
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Q. What would happen if this packing ring were 
tight? 

A. With the vaWe on lap all brake-pipe pressure could 
leak away and the black hand on the gauge would not show 
it. 

Q. What is the next position to the right of lap? 

A. Service position. 

Q. What is this position nsed for? 

A. To make a gradual application of the brakes. 

Q. Explain this position. 

A. In this position, a groove p (Fig. 52) of the rotary 
connects port e (Fig. 48) leading to the little drum through 
rotary seat with a groove h (Fig. 48) also in the rotary seat 
h leads into the emergency exhaust fc (Fig. 48), which is di- 
rectly connected with the atmosphere aa shown by the dot- 
ted lines. We then have a direct connection from tiie lit- 
tle drum to the atmosphere through small ports. 

Q. What is port e called? 

A. The preliminary eshaust port. This hole is bushed, 
and the buBhing has a small taper hole through it 

Q. In what two positions is it that the preliminary 
exhaust port e is used? 

A. In the release position and also in the service po- 
sition. 

Q. What is its use in the release position of the brake 
valve? 

A. To permit main reservoir pressure to feed down into 
chamber D above the equalizing piston 18, as shown in 
Fig. 46. 

Q. What is this port used for in the service position 
of the brake valve? 

A. It is used to permit the pressure above the equalizing 
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piston, coimected with the equalizing reservoir throng port a 
to escape to the atmosphere. 

Q. What effect does taking sir from the little dnun 
have? 

A. It reduces the pressure on top of piston 18, The 
pressures were the same on both sides of it, but when the re- 
duction is made from the little drum in service position, 
it leaves piston 18 with the greater pressure underneath on 
the brake-pipe side of the piston. 

Q. What effect has this? 

A. The brake-pipe pressure being greater foreea piston 
18 from its seat and allows brake-pipe pressure to escape 
to the atmosphere through the brake-pipe exhaust S3 (Fig. 
46). 

Q. How long does piaton 18 remain off its seat? 

A. Just as long as the brake-pipe pressure is greater than 
that in the little drum. When the little drum pressure is a 
trifle greater than that in the brake-pipe, piston 18 is forced 
to its seat. 

Q. Do we still speak of the black hand as representiiig 
brake-pipe pressure? 

A. Yea. 

Q. Hew do we know it is the same as that in the little 
drum to^hich the gage pipe leading to the black hand is 
connected? 

A. Because the equalizing piston will take the same 
amount of pressure from the brake-pipe before it closes that 
the engineer took from the little drum. 

Q. If the engineer wishes to apply brakes gradual^, 
does he take air from the brake-pipe? 

A. No ; he takes it from the little drum, and piston 18 
takes care of the brake-pipe. 
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Q. To what else in the brake system is the piston 18 
similar in its work? 

A. The triple-valve piston. 

Q. What is the next position to the right of service? 

A. Emergency position. 

Q. Explain this position, 

A. The rotary ia moved around so that the large cavity 
c (Fig. 52) is directly over the large ports I and k of the 
rotar}' seat (Fig. 48). Air passes from the brake-pipe at I 
into cavity c and out to the atmosphere through port k. 

Q. What is the object of using the large ports? 

A. To get a very sudden reduction in the brake-pipe to 
cause the triple valves to go into quick action. 

Q. Is the reduction necessarily heavy to obtain quick- 
action. 

A, No; it is quick. 

Q. Does the little drum pressure or the equalizing pis- 
ton play any part in the emergency application? 

A. None whatever. 

Q. In running position when the ptunp stops we have 
ninety pounds in the mfdn reservoir and seventy on the 
brake-pipe. What is the difference between the pressure 
in the main reservoir Emd the bri^e-pipe called? 

A. Excess pressure. 

Q. What is the use of excess pressure? 

A. It is a refierve pr^sure to throw into the brake-pipe, 
when the valve is placed in release position, to force the triple 
pistons to release position and help recharge the auxiliary 
reservoirs. 

Q. If the pump were started with the handle of the 
valve on lap, how much pressnre would we get in the main 
reservoir and how much in the brake-pipe? 
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A. Ninety pounds in the main reeeiroir and nothing in 
the brake-pipe. 

Wbstinohoubb Slide- Valve Feed Valtk 

Q. What is the object of the Slide-Valve Feed Talve 
mnttrated in Figs. 49 and 60? 



Pie. 49. — SLIDB-VAI.TI Feed Tai-te. 

A. To maintain a constant preaeure in the brake-pipe, 
when the brake valve is in running position. It contains great- 
er refinement of, and a more positive action than, the older 
form of feed valve, or train-line governor, as it is often des- 
ignated. It fastens to the same studs as the old valve and 
ia interchangeable. Fig. 49 shows a central section throQgh 
the supply valve case. Fig. 50 is a central section through 
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the regnlating valve and spring boi and a tranflverse section 
tiirough the supply valve case. 

Q. Explain the operation of this valve. 

A. Ports f and t (Fig. 50) register with the correspond- 
ing ports in the brake valve body (Fig. 48) ; main-reservoir 
presBore can reach tiie feed valve through port f only when 



Fio. 50. — Slide-Valve Feed Valve. 

the brake valve is in running position. In this position it 
has free accesa through /' and / with chamber F. Chamber £, 
which is separated from chamber F by the supply valve pis- 
ton 54, is connected with passage t and thus with the brake- 
pipe through passage, c, c, port a (controUed by reguhiting 
valve 69), and chamber Q over diaphragm tt. Regulating 
valve 59 is normally held open by diaphragm 57 and regula- 
ting spring 67, the tension of which is adjusted by regu- 
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lating nut 65, When this valve is tinseated chamber £ is in 

commtuil cation with the brake-pipe, and is subject to if s pres- 
sure. 

When the handle of the brake valve is placed in running 
position, air pressure from the main reservoir enters chamber 
F and forces supply-valve piston 54 forward, compressing 
spring 58, drawing supply valve 55 with it, thus uncovering 
port b. It thereby gains entrance directly into the brake- 
pipe through ports i, i. The resulting increase of pressure in 
the brake-pipe (and in chamber over diaphragm 57) con- 
tinues until it becomes sufficient to overcome the tension by 





regulating spring 67, previously adjusted at 70 pounds. Dia. 
phragm 57 then yields and permits the regulating vaive 59 td 
be seated by spring CO, closing port a and cutting off com^ 
munieation between chamber £ and the brake-pipe. Tha 
pressures in chambers E and F now equalize quickly through 
leakage past supply-valve piston 54, and the supply-valve 
piston spring 58, previously compressed when the supply* 
valve was forced to the right, now reacts and forces supply- 
valve piston 54 and supply-valve 55 to their normal posi- 
tions, closing port b and cutting off communicatiou between 
the main reservoir and brake-pipe. 
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Q. What oanses the feed valve to again perait main 
reservoir presstire to reach the brake-pipe? 

A, A subsequent reduction of brake-pipe pressure, either 
by leakage or otherwise, reduces the pressure in chamber G 
and permits regulating spring 67 to force diaphragm 57 up, 
thus unseating regulating valve 59, thereby permitting the 
pressure accumulated in chamber E to discharge into the 
brake-pipe through porta c, c and o, chamber G and port i. The 
equilibrium of pressures upon the opposite faces of supply- 
valve piston 54, being thus destroyed, the higher main-reser- 
voir pressure in chamber F again forces supply-valve piston 

54, and it in turn draws the supply-valve 55 over 
so as to expose port b, which again permits the brake-pipe 
pressure to be restored to a pressure of 70 pounds, or other 
predetermined amount. 

Q. How can the brake-pipe pressure be changed when 
using this feed valve? 

A. Remove the cap 66, turn the adjusting nut 65 in, to 
increase brake-pipe pressure, and out to reduce It. 

Q. What could be wrong if the brake-pipe pressure 
equalized with that in the main reservoir and this could 
not be changed by readjusting the tension of the regnlat- 
ing spring 67? 

A. Aside from the' causes already explained in connec- 
tion with the brake valve proper, there might be a leak be- 
tween ports /' and i in the gasket, between the feed valve 
and brake valve proper; dirt on the seat of the supply valve 

55, or the regulating valve 59, or a poor seat on either; or 
the part of the regulating valve stem that rests upon dia- 
phragm 57 being too long. Dirt on diaphragm 57, which 
would hold regulating valve 59 unseated, would produce 
the same result. 
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Q. What oonld mak» the Tegnlating valve stem too 

long? 

A. By grinding the valve in. After this is done it should 
be noted that the end of the stem is flush with the projec- 
tion of the casting upon which diaphragm 57 rests. 

Q. Why would dirt on the seat of the regulating valve 
69 cause brake-pipe preaeure to become too high? 

A. With dirt on the seat of the regulating valve 59 air 
from chamber E, at the right of piatou 54, could escape to the 
brake-pipe. If it escaped faster than main-reservoir pressure 
could leak by the piston 54, the pressure in chamber E would 
be lees than that in chamber F, and the supply valve 55 and 
piston 54 would be moved to the right, exposing port it, which 
connects main-reservoir and brake-pipe pressures, and the 
brake-pipe would be overcharged. 

Q. What is the object of the brass button at the end 
of the supply-valve piston spring 687 

A. As a spring is compressed there is a winding action 
set up, and a tendency for the spring to turn the piston, and 
the piston in turn to twist the supply valve from its seat. 
By ttie use of the button there is no chance for this action 
as a very slight bearing is in contact b£tween the button and 
piston. The effect of the winding action of the spring on the 
piston is thus destroyed. 

Q. Name the ditTerent parts of the slide-valve feed 
valve. 

A. 51, the body; 52, the flush nut; 53, cap nut; 54, sup- 
ply-valve piston; 55, supply valve; 56, supply-valve spring; 
57, diaphragm; 58, supply-valve piston spring; 59, regula- 
ting valve; 60, regulating- valve spring; 61, regulating-valve 
cap nut; 62, spring box; 63, diaphragm ring; 64 diaphragm 
spindle; 65, adjusting nut; 66, check nut, and 67, the ad- 
justing spring. D, - .0001^11: 
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The Equalizing BEaEkvont, 
OE Little Deum, ok Cavity D. 

Q. How is the little dmm, or cavity D, muallT' spoken 
of? 

A. As the equalizing auxiliarj. 

Q. Wli«« ia the little drum usually 'located? 

A, Under tJie foot-boards of the cab, on either the fire- 
man's or engineer's side, according to which has the most free 
space. 



Pifl. 53. — The Little Dkum, ob Catttt D. 

Q. What is the object of the little drum? 

A. To furnish a volume of air on top of the equalizing 
piston in the engineer's valve. 

Q, Would not the air in the smaU cavity over the 
eqnaliziiig piston hold air enough to keep the piston on 
its seat? 

A. Yes; but there is not a sufficient volume there to draw 
from in making service reductions to make them sufficiently 
gradual. 
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Q. What would happen when the engineer pvt tke 
handle of the engineer's valve in service position, if there 
were no little drum to fumiah a voliuue of air on top of 
the equalizing piston? 

A. The air would leave tlie top of the piston in a flash 
on account of the small volume, the black hand on the gauge 
would fall to the pin, the equalizing piston rise full stroke, 
all brake-pipe preasure would rush to the atmosphere through 
the brake-pipe exhaust, and the engineer would have lost con- 
trol of the brakes. 

Q. How would the brakes on the train act? 

A, If a long train were coupled to tlie engine, the brakes 
would set with a full aervice application ; but if a train of Ices 
than about six Or seven cars, the brakes might go into quick- 
action. 

Q. Why full service on a long trtdn and quick-action 
on a short one? 

A. On a short train, when the equalizing piston flew up, 
air from the brake-pipe would go to the atmosphere through 
the brake-pipe exhaust faster than the auxiliary-reservoir 
pressure could get from the auxiliary to the brake cylinder 
through the service port of the triple slide valve. liVhen the 
auxiliary pressures were enough stronger than that on the 
brake-pipe, they would force out the triple pistons and com- 
press the graduating springs, causing the triples to go into 
quick-action. 

On a train of considerable length the brake-pipe pressure, 
due to the greater volume on the brake-pipe, could not get 
out of the brake-pipe exliaust any faster than the auxiliary- 
reservoir pressure could feed through the elide valves to the 
brake cylinders, and the auxiliary-reservoir pressures would 
not be strong enough to compress the graduating springs, 
but, losing all brake-pipe pressure, would apply the brakra 
in full-service application. 



The Equalizing Resebtoib 169 

Q. The ihrefl-way cock was done away with to ^et a 
valve that would meohanicaUy make a gradual brake- 
pipe reduction regardlesa of the length of the train. What 
is it about the valve now used that allows this to be done? 

A. The little drum in conjunction with the equalizing 
piston. 

Q. Does an engineer have to leave the handle of the 
engineer 's valve in service position any longer to make a 
redaction of fl.vfl pounds on a long train than en a short 
one? 

A. No; all little druniB are of the same size. If a five- 
pound brake-pipe reduction is desired, the engineer releases 
five pounds from the little drum to the atmosphere, and 
the equalizing piston takes care of the brake-pipe pressure 
regardless of the length of the train, 

Q. If hy any chance the pipe leading to the little dram 
were broken off, could we still handle the brakes? 

A, Yes. 

Q. How? 

A. Plug the broken pipe and also the brake-pipe ex- 
haust. When wishing to apply the brakes in service, our 
service position would be of no use as the brake-pipe ex- 
haust is plugged ; so move the valve part way into emergency 
position, being careful not to get it too far so as to make 
too sudden a reduction, and when putting the valve back 
on lap do not stop the brake-pipe reduction too quickly or 
the surge of air forward may release some of the head brakes. 

Q- In such a case, into what have we transformed our 
efficient valve? 

A. Practically into an old three-way cock. 

Q. How do we tell if the preliminary exhaust port e 
is free from gum and corrosion? 

A. Place the engineer's valve ia service position and 
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watch the black hand on the gauge. It Bhould lAke about 
seven seconde to reduce the pressure in the standard little 
drum {10" X 14^", about 7T0 cubic inches), from aeveaty 
to fifty pounds through the preliminary exhaust port 

Q. What, bMideg the fact that the preliminary exhamt 
port is partially closed, wonld canse it to take longer than ' 
seven seconds to make this reduction? 

A. See the engineer's valve (Fig, 46). If the gasket 32 
leaked between the main reservoir and little drum, or between 
the brake-pipe and little drum, or if the packing ring 19 were 
sufBciently loose to allow brake-pipe pressure to feed by too 
quickly. 

Q. If it takes less than seven seconds to make this 
reduction, what is probably the matter? 

A. There is a leak somewhere in the connection to the 
little drum, which helps make the reduction. 

PECULIAEITIES AND TeOUBLES OP THE G-6 BrAKB VaIVB. 

Q. What two troQbles in the en^neer's valve aside 
from those in the brake-pipe feed valve would not permit 
any excess pressure with the handle of the engineer's 
valve in running position? 

A. A leak in the lower gasket 32 (Fig. 46) between 
the main reservoir and the little drum and a leaky rotary. 

Q. Why does air leaking from the main reservoir to 
the little drum in running position not permit any excess 
pressure? 

A. Because in this position the little drum and brake- 
pipe are directly connected. 

Q. Does gasket 32 leak very often? 

A, No; this is a trouble seldom encounters^ioolc 
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Q. What indicatioiut are givva by such a leak? 

A. In service position it would take longer to make a 
given reduction on the little drum, as air is feeding in dow- 
ly at the Bame time it is being taken out through the prelim- 
inary exhaust. As Boon as the valve waa placed on lap the 
black hand would quickly feed up to main- reservoir pressure. 

Q. If the air wtm leaking: into the little dmm by gas- 
ket 32 as fast as it was being removed throtigh the prelim- 
inary exhaust port, what would happen? 

A. The equalizing piston could not be raised and the 
only way the brakes could be applied would be by using the 
emergency position. 

Q. How does the leaking of the rotary do away with 
excess? 

A. The air from the main reservoir leaks under the ro- 
tary seat directly into the brake-pipe. 

Q. What harm besides that of destroying excess will 
result from a leaky rotary? 

A. We get main- reservoir pressure in the brake-pipe and 
consequently in the auxiliary-reservoirs, and the use of ninety 
instead of seventy pounds for braking purposes would slide 
the wheels. After the brakes were applied and the valve 
was on lap, air leaking into the brake-pipe from the main 
reBerroir would gradually increase brake-pipe pressure and 
force triples to release position. Without the proper excess 
it would also be bard to release brakes. 

Q. How would you test for a leaky rotary? 

A. Start the pump with the valve handle on lap. If the 
black hand starts, the rotary leaks. Oasket 2 leaking would 
also cause this, but this leak so seldom happens, it may be 
disregarded in practice. 

Q. Give another way of testing for a leaky rotary. 

A. Put the valve on lap and drain everything but the 
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main reservoir ; open the angle cock at the rear of the tender 
and put the hose in a pail of water. If bubbles rise to the 
surface the rotary is leaking. 

Q. Which is the better test? 

A, The second is the more delicate test, but the first 
is sufficiently practical and is easier. 

Q. Why should everything he drained in making the 
water test? 

A. Because with all air taken from the brake-pipe by 
opening the angle cock at the rear of the tender, air leaking 
by the packing ring 19 in the piston 18 into the brake-pipe 
would cause bubbles to rise to the surface of the water. 
The same thing would result if air from the tender and driver 
brake ausiliary-reaervoirs leaked by the triple-piston packing 
rings. The bubbles would seem to indicate a leaky rotary, 
while it was merely an improperly conducted test. 

Q. Why can we sometimes get no excess with the valve 
in running position when the engine is alone, although the 
hands will stand properly at ninety and seventy when 
the engine is coupled to a train? 

A. It simply means that when coupled to a train the 
leaks on the train compensate for the leak through the en- 
gineer's valve. 

Q. What will cause a constant leak out of the brake- 
pipe exhaust 22 (Fig. 46), whether the valve is on fnll re- 
lease, running, or lap position? 

A, Dirt on the seat of the valve at the end of the stem 
of piston 18. 

Q. What is the trouble if this leak does not exist in 
full release or running position, hut begins as soon as the 
valve is placed on lap? 

A. A leakage of little-drum pressure causes piston 18 
to rise. 
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Q. Where conld this leak be? 

A, In the little drum itself; in the pipe leading to it; 
in the pipe leading to the black hand on the gauge; gasket 
33 leaking so as to allow little-drum pressure to escape to the 
atmosphere; a scratch on the rotary seat between the prelim- 
inary exhaust port e and the groove h leading to the atmo- 
sphere, 

Q. Wliy does it leak on lap uid not on ninning or full 
release position? 

A. Because the leak is not fed on lap, as all porta are 
closed, but it b in the other two positions. 

Q. If the two hands on the gage do not show the same 
pressnre when the valve is left in fall release position, 
what ia the trouble? 

A. The gauge is incorrect. The main reservoir and brake- 
pipe being directly connected in this position both gauge 
hands should show the same pressure. 

Q. What conld be the trouble if In nmning position 
the red hand showed seventy and the black ninety 
pounds? 

A. The gauge pipes have been connected to the wrong 
hands. 

Q. What should be done if piston 18 does not respond 
readily to reductions and seems to stick? 

A, The piston should be removed and cleaned; but never 
remove the packing ring 19, as it may be sprung or broken. 

Get' the ring to work free by using kerosene oil to clean 
it. 

Q. How would you app^ the brakes if the preliminary 
exhaust port were closed and no reduction could be made 
in service position? 

A. Go carefully toward the emergency position; or it 
might be done by lapping the valve and unscrewing the 
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nut a little that connects the pipe leading from the little drum 
to the brake valye until the desired reduction was obtained. 



DUPLEX MAIN-RESERVOIR REGULATION. 

AS USED WITH ALL aTANDAKD WBaTINQHOUSE EQUIPMENTS. 

Q. What u the special object to be obtained vi^ the 
arraagement shown in Tigs. 64, 56, and 667 

A. To provide a means by which a high main-reaeiroir 
pressure can be obtained with which to release the brakes and 
recharge, without its being necessary for the pump to oper- 
ate against this high pressure except during only such time 
as the brakes are applied. 

Q. Of what does the duplex g^oTernor consist? 

A. Of two pressure-regulating heads which operate in 
conjunction with one steam portion of the governor. 

Q. What are the two preBsnre regolatin^r heads called? 

A. The shorter one is called the "exeess-preBsure" head; 
the other is called the "maximum-pressure" head. 

Q. How i« the gorernor connected to the G-6 brake 
valve? 

A. Referring to Fig. 54, the maximum-pressure head is 
connected to the pipe which connects main-reservoir pres- 
Bure in the brake valve to the red hand of the duplex air 
gauge; the lower part of the excess-pressure head is coilnected 
to a special port in the brake valve ; the upper connection of 
the excess-pressure head is piped to the brake-pipe just below 
the brake valve. 

Q. At what pressore is it costonuuy to adjust the pres- 
sure heada? 

A. The ezcess-pressura head is adjusted to stop the piunp 
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when main-roservoir pressure is 20 pounds above the regula- 
tion of the feed valve, and the iiiaximum-preBsure head if 
adjusted at 130 or 140 pounds. 

Q. If the brake valve handle is in full release or ran- 
mug position, how much pressure will there be in the 
main reservoir when the pump is stopped; if in any of 
the other positions what pressure results? 

A. If the feed valve is set for 70 pounds, 90 pounds main- 
rcaervoir pressure is obtained when the brake valve is in re- 
lease or running positions; in the other positions 130 or 140 
pounds is obtained. 





Fig. 66. 



Q, What objection is there to the use of one pump ^v- 
emor adjusted to shut off steam from the pump when a 
main reservoir pressure of 140 pounds is obtained? 

A, A pump operating against a high pressure continu- 
ously will wear faster and is much more liliely to become 
overheated in freight service. 

Q. Explain why the pump is stopped when the main- 
reservoir pressure is 20 pounds above feed-valve regula- 
tion, if the brake-valve handle is in release or mnning 
position. 

A. Aa indicated on Fig. 54, the pipe leading to the Igirer 
part of the excess pressure head is connected at the brake 
valve to a hole drilled into the port, which, in running poai- 
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tion, coQveya air to the feed yalve. ThiB port contains main- 
reservoir presBure, with the brake valve in this position. The 
upper part of the excess-presBure head, as already stated, con- 
nects witli the brake-pipe below the brake valve. As soon 
as main-reservoir pressure reaches a point that is 30 pounds 
above brake-pipe pressure, the pump is stopped. 

Q. Why is a higlier main-reservoir pressure obtained 
with the brake valve in other than release and running 
positions? 

A. When the brake-valve handle is moved toward service 
position, the port supplying main-reservoir pressure to the 
feed valve is closed, and the air which escape at the gover- 
nor vent port causes the pump to start. It will not cease 
operation unless the valve handle ia again moved to run- 
ning or release position, until sufficient pressure has been 
accumulated in the main reservoir to operate the maximum- 
presaure head, usually adjusted for 140 pounds. Air from 
the main reservoir enters the brake-valve as indicated and 
passes through pipe A to the maximum-pressure governor 
head. 

Q. Are all Q-6 brake-valves drilled so that the pipe 
from the excess-tffessure bead can be connected into the 
port leading^ to the feed valve? 

A, All are that have been put in service recently. Figs. 
55 and 56 indicate the proper location for this hole in ease 
it is desirable to install the duplex governor in connection 
with the old standard equipment still using the single gov- 
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CHAPTER VI. 

WESTINGHOUSE OLD-STYLE HIGH-SPEED 
BRAKES 

Q. What does Fig. 67-A on page 182 reprMent? 

A. The old-style Westinghouse High-Speed brake. 

Q. Why was the iutrodaction of the high-speed brake 

necessary? 

A. The call by the traveling public for higher train speed 
rendered it necessary to insure saiety of lives and property. 

Q. What class of trains use this brake? 

A. It is being introduced very generally in both local 
and through passenger train service on the principal trunk 
lines, 

Q. What percentage of braking power to the light 
weight of a passenger oar is generally nsed with the ordi- 
nary quick-action brake? 

A. Eighty per cent, on 50 lbs, cylinder pressure. 

Q. What percentage is nsed with the high-speed 
brake? 

A. About one hundred and thirty per cent, if the cylinder 
pressure is figured as 86 pounds, and eighty per cent, with 
a 50-pound cylinder pressure. With the "L" triple and a 
brake-pipe pressure of 110 pounds, the percentage of braking 
power in emergency applications is 190. 

Q. Why is it safe to use a higher braking power on 
wheels when the train is ronning fast? 

A. Because the faster the wheels turn, the greater is 
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the inertia of the wheels, which the friction of the brake 
shoee has to overcome before they will cease revolving. The 
Westinghouse-Galton tests, made in England, in 1878, proved 
that the faster the tread of the wheel moved against the 
brake shoe, the less the friction between the two. As the 
speed decreases the friction increases, the friction between 
the wheel and the rail remaining about constant, regardless 
of the speed of the train. 

Q. What brake-pipe and auxiliary-reservoir pressnres 
are carried with the high-speed brake? 

A. One hundred and ten pounds. 

Q. At what preasnre do the auzniary-reserroir and 
brake <7liiider equalise when the brake is fol^ set in 
cmergenc;', nsins one hundred and ten pounds aoxiliary- 
reaervoir pressure? 

A. About eighty-six pounds. 

Q. What reduces this eighty-six pounds to sixty 
pounds, the mie pressure for slow speeds? 

A. The automatic reducing valve sliown in the accom- 
panying cut (Fig. 57). 

Q. Explain the action of the redueing valve. 

A. When air is in the brake cylinder it ia free to reach 
the top of piston 4 of the reducing valve. 

As long as the tension of the spring 11 is greater than the 
brake-cylinder pressure on top of the piston, the slide valve 
8 remains in the position shown. 

When the brake is fully set, the pressure in the cylinder 
being greater than the tension of the spring, the piston 4 
is forced down and carries the slide valve with it, thus open- 
ing port & into port a, allowing brake-cylinder pressure to es- 
cape to the atmosphere. 

The apex of the triangular port & points up. If the slide 
valve 8 is drawn down a little, as in a service application, port 
b has a wide opening into port a, allowing cylinder presaurp 
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Flo. 57, — High-Speed Automatic Reducing Valve. 

to escape quickly. The higli cylinder pressure in emergency 
forces piston 4 down full stroke, and cylinder pressure es- 
capes slowly through the small end of port 6, As cylinder 
pressure lessens, spring 11 raises piston 4 and slide valve 8, 
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opening port 6 wider, thus releasing air faster; the slow ex- 
haust ensues with a high, and quick exhaust with low train 
speeds. Spring 11 is adjusted to sixty pounds on passenger 
cars and sixty on engines and tenders. 

Q. Wh&t is necessary to make a high-speed brake ont 
of the ordinary quick-action passenger-car eqaipmeot? 

A. Simply the addition of the reducing valve, 

Q. What change has to he made on engines? 

A, Two feed valves are used, being fastened to a revers- 
ing-cock which is piped to a reversing-coch pipe bracket, the 
latter replacing the feed'valve on the G-6 brake value, and re- 
ducing valves are connected to the tender and driver brake 
cylinders. If an old style single pump governor is installed, 
it must be replaced by the new duplex pump governor. 

Q. Why are two feed valves tised? 

A, Only one is used at a time. They are so arranged 
that the engine may be used with the "high-speed" brake 
or with the ordinary quick-action brake, 

Q. At the same speeds, in how mnch less distance can 
a stop be made with the High-Speed than with the ordi- 
nary Qnick-Action Brake? 

A. About 30 per cent. 

Q. With an auxiliary-reservoir pressure of 110 pounds, 
is a higher cylinder pressure developed than when 70 
pounds is used if a 6, 10 or IS-pound service reduction 
of brake-pipe pressure is made? 

A. With the customary piston travel of from six to eight 
inches the same cylinder pressure would result in either case. 

Q. Wonld the cylinder pressure developed be the sam') 
with a gradual break-pipe reduction of 24 pounds? 

A. No, the cylinder pressure would be greater when us- 
ing 8 brake-pipe pressure of 110 pounds. 
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Q. Give a role which corers this point. 

A. As long ae brake-pipe reductions are not continued 
after the equalization point between the cylinder and reser- 
voir when the 70-pound train-line pressure has been reached, 
the Bame cylinder pressure will result in either case. If, how- 
ever, the reductions are continued beyond this point, a gain 
is made* when using the higher pressure, and it can be raised 
until such time aa the High-Speed Reducing Valve operates 
to discharge air to the atmosphere. 

Q. Why is it that the cylindar pressure would be the 
same is either case with a service redaction of 10 ponnds 
when employing either a 70 or 110-ponnd inressnre? 

A. By making the proper calculations it will be found 
that in either case the same number of cubic inches of free 
air has passed to the brake cylinder. In other words, the 
same number of cubic feet of free air are used by reducing 
the auxiliary-reservoir pressure from tO to 60 as from 110 
to 100 pounds. 

A 20-pound reduction, using a 70-pound brake-pipe pres- 
sure, would equalize the reservoir and cylinder pressures at 50 
pounds with an 8-inch piston travel; using the 110-pound 
brake-pipe pressure and making a 30-pound reduction would 
give a cylinder pressure of 50 pounds, but there would still 
be 90 pounds in the auxiliary-reservoir; hence, with a fur- 
ther reduction of brake-pipe pressure the triple valve would 
permit more reservoir pressure to pass to the brake cylinder 
thus increasing its pressure. 

Q. Do the brakes apply any qoicker in service with 
the High-Speed than with the Quick-Action Brake? 

A. "Xps. 

Q. Explain the answer to the last qnestion. 

A. On account of the higher pressure used the air passes 
!irongh the ports quiriker from the auxiliary reservoir to the 
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brake cylinder. Practically the same effect is produced as is 
done by increasing the boiler pressure of an engine, which 
added presBure produces a corresponding quickness of action. 
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It ie this quickness of action which has created the general 
impression that a light reduction of brake-pipe pressure pro- 
duces a greater cylinder pressure when using a 110-pound in- 
stead of a 70-pound pressure. This is a mistaken idea, ex- 
cept as there might be a very slight diSeYenee becauBe of 
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the piston moving out and closing the leakage groove quicker 
with the high than with the low pressure. 

Q. Which method prodnces the hest results in maWng 
station stops with the High-Speed Brake? 

A. The two application method, the same as should he used 
when employing the 70-pound brake-pipe pressure. 

Q. If, when using the llO-ponnd brake-pipe pressure, 
a sudden reduction of pressure is made and the brake- 
valve handle is returned to lap, at vhat pressure will 
the brake-pipe, auxiliary-reservoir and brake cylinder 
equalize? 

A. Approximately 86 pounds. 

Q. The triple valve is now in emergency position and 
the auxiliary-reservoir and cylinder pressures are escap- 
ing to the atmosphere through the reducing valve, which 
closes when the pressure in it has been depleted to 60 
poundB. The brake-pii>e pressure is still approximately 
85 pounds; will this pressure not force the triple piston 
to release position and release the break entirely? 

A. No; as soon as the reservoir pressure is slightly less 
than the brake-pipe pressure, plus the tension of the grad- 
uating spring, the triple piston is forced to lap position, in 
which position no more reservoir pressure can reach the 
brake cylinder. The reducing valve continues to reduce cylin- 
der pressure until it closes when this pressure has reached 
60 pounds. 

A corresponding action takes place in response to a grad- 
ual and heavy brake-pipe reduction, sufficient to cause the 
reducing valve to open and the triple piston to move to emer- 
gency position and compress the graduating spring. 

Q. Is the cylinder pressure reduced to 60 pounds un- 
der these conditions? 

A. Yes. • D,g„,z.di:,Google 
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Q. What is a great advantage of the High-Speed 
Brake other than those already outlined? 

A. Two full service reductions oi 30 pounds and leleaees 
can be made without requiring any recharge of the suziliar; 
reservoir and there will atill be 70 pounds pregsure available 
with which to stop, if necessary. 

Q. How often ahoald the High-Speed Seducing Valve 
be cleaned? 

A. Once a year when used on cars, and once in six months 
when used on engines and tenders. 

Q. What kind of oil should be nsed for lubricating 
purposes? 

A. A high grade mineral oil. 

Q. How can a High-Speed Kedncing Valve be taken 
apart so that it can be put together wtthoat changing the 
adjustment of the r^rolating spring? 

A. Do not remove the cap nut The lower case can be 
removed and replaced without disturbing this part of the 
mechanism. 

Q. If the braking power on a car is designed for 80 

per cent, of its light weight when using a brake-pipe pres- 

' sore of 70 pounds, what braking power will be developed 

with an emergency application of the High-Speed Brake 

at the moment of maximum cylinder pressure? 

A. Approximately 130 per cent. 

The cut {Fig. 62) gives an idea of the advancement in air- 
brake appliances. The figures represent, by scale, stops made 
by trains going at the same rate of speed, but equipped as 
indicated. 

It takes about twice ae far to stop a train going at forty, 
three timeB going at fifty, and about five times going at 
sixty miles an hour, as it does if the speed of the train is 
thirty miles an heur with the Quick-Action Brake. 
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Comparative Stops Made With Hioh-Spem) and Qcick- 
AcTioN Beakes. 



High-Speed. Quick Action. 
45 560 710 26.8 150 

50 ?05 880 24.8 175 

«0 106D 1360 28.3 300 

70 1560 2030 29.5 460 

80 2240 2780 24.1 540 

Brake-pipe pressure used with High-Speed Brake, 110 
pounds. 

Brake-pipe pressure used with Quick- Action Brake, 70 
pounds. 

The above table refers to stops made with chilied cast-iron 
wheels and soft cast-iron shoes with a train which was sup- 
posed to represent average conditions of service. 



HtndBralM 
StraigMAir 



Quick Action Automatic 



' IMS 
liwTyp«"L"Ei|tiiim 



Double Pbeb9ijiib Control Equipment 189 

DOUBLE PRESSURE CONTROL EQUIPMENT OR 
SCHEDULE U. 

Q. What does Fig. eZ-A on page 190 represent? 

A. The Double-Pressure Control or Schedule U Equip- 
ment sometimes used on freight engines. 

Q. How does it differ from the old style high-speed en- 
gine equipment? 

A. Instead of high-speed reducing valves, a safety valve 
is placed in the tender brake cylinder head, and another in 
the pipe between the driver-brake triple valve and cylinders. 

Q. What is the object of this special equipment? 

A. It is designed for special use on roads having heavy 
grades and handling loads, such as ore, dovn the grade, and 
empty cars up. 

Q. What special advantage is gained? 

A. By using two feed valves which are usually set for 
70 and 90 pounds, either one of these ■ pressures can be used 
in the brake-pipe and 90 or 110 pounds can be used in the 
main reservoir, when the brake-valve handle is in release or 
running positions. 

Q. Would there not be danger of sliding wheehi if 90 
pounds were used as brake-pipe pressure? 

A. Possibly if used on empty cars ; but if used on heavily 
loaded cars, there would be no danger, as the highest possible 
braking power is usually I'D to 80 per cent, of the light 
weight of the car, and when loaded to its full capacity, the 
percentage of braking power, as compared with the combined 
weight of the car and its contents, is much smaller than 
this, even when using a brake-pipe pressure of 90 pounds. 

Q- How much nior» powerful would a brake be when 
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tuin^ a bnke-plpe pregsnre of 90 ponjuU as compared 
with 70? 

A. Approximately 25 per cent. 

Q. With the cocks as shown in Fig-. 62^ which feed 

valye is operative? 

A. The 70-pouiid feed valve. 

Q- What benefit is derived from this device when the 
70-ponnd feed valve is cat in? 

A. With the brake valve ia running position, the pump 
does not have to work against a higher pressure than 90 
pounds, but just as soon as the brakes are applied the pump 
raises the pressure in the main reservoir to 110 pounds, which 
pressure is very helpful to insure a quick release on a long 
train and quickly recharge the ausillaries. 

Q. What would be done in case the can were all heav- 
ily loaded and it was desired to nse a brake-pipe pressure 
of 90 pounds and a TnJTiiTnTiiii main-reservoir pressure of 
110 pounds? 

A. The reversing-cock handle would be moved so as to 
cut out the 70-pound feed valve and cut in the 90-poaad feed 
valve. 

Q. Woold it be safe to use the 90-poimd brake-pipe 
proBSore when there were air brakes on both light and 
loaded cars in operation in the same train? 

A. While there is a chance that a little wheel eliding might 
result if an emergency or very heavy service reduction Were 
made, the likelihood of serious sliding is so slight that it is 
not customary to cut out empty cars and thus lose their brak- 
ing power. 

Q. When nmag a 90-poimd brake-pipe pressore, is the 
same brake-pipe redaction necessary to apply the brakes 
in ftiU SI ia nwd with a TO-ponnd brake-pipe jHressore? 

A. If o ; a heavier reduction would be necessary. 
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Q. How much of a brake-pipe reduction would equalize 
the auxiliary-reservoir and brake-cylinder pressures, 
usinf^ an initial pressure of 90 pounds? 

A. About 37 pounds, if the piston travel were approximate- 
ly eight inches. 



Q. Why are safety valves placed upon the tender, 
driver, and truck brakes? 

A. So as to allow all pressure over 50 pounds to escape 
to the atmosphere. Experience shows that over-heating of 
tires is likely to ensue if a greater pressure than this is used 
on the tender, driver or truck brakes. 
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Q. What is best to ose on the en^^ine if the grad^ is 
very lon^ aad heavy aad the speed slow? 

A. A water brake. With this brake no heating of tires is 
produced, as the braking is done with the pistons in the main 
cylinders. 

Q. With a brake-pipe piwuTire of 90 pounds, is any 
more braking power developed with a 5, 10 or 16-ponnd 
service reduction than if 70 pounds was carried on the 
brake-pipe? 

A. No; no gain will be made nnlees brake-pipe reduc- 
tions are continued after the point has been readied at which 
the reservoir and brake cylinder pressures would equalize when 
using the 70 -pound brake-pipe pressure, 

Q. Why is this! 

A. Because, if calculated, it will be found tliat it re- 
quires the same number of cubic inches of free air to raise 
the auxiliary-reservoir pressure from 50 to 70, 70 to 90, or 
200 to 330 pounds. If the same amount of air is used in each 
case, the same pressure would result if 20 pounds were taken 
from the auxiliary, when containing any pressure above 70 
pounds, and put into the brake cylinder if the piston travel 
were not less than 8 inches. 

WESTINGHOUSE OLD-STYLE COMBINED AUTOMA- 
TIC AND STRAIGHT AIE-BRAKK EQUIP- 
MENT FOR ENGINES AND TENDERS. 

Q. For what purpose was this equipment designed? 

A, For use on engines and tenders in yard and freight 
service. 

Q. Why is it necessary on yard engines with old style 
equipment? 

A. Because an old-style triple valve will not recharge the 
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auxiliary-reservoir between very frequent brake applications; 
as a result it is necessary for the engineer to make a great 
many stops with the reverse lever. Reversing an engine tends 
to draw cinders into the cylinders, where they cut the cylind- 
ers and packing. The brake on a switch engine should be 
such that it can be used as often as desirable and always have 
the maximum power available. Using the brake constantly 
also keeps the tires in much better condition. A quick re- 
lease is possible with the straight air and. If desired, the 
brake can be partially released. 

Q. Of what use is it on roa4 engines with old style 
equipment? 

A. Aside from the advantages stated above, while switch- 
ing, it provides a means of bunching slack, permits slow-ups 
to be made to pick up a flag, can be used, if desired, to help 
retard the speed of the train while recharging on descending 
grades ; also in slowing up at times when much braking power 
is not required, and where it is unnecessary to waste the air 
to apply the brakes on all the cars and thus put needless work 
upon the pump ; and it can be used to meet many similar con- 
ditions encountered in road service. 

Q. Does this brake operate entirely separate from the 
antomatic, and is there no danger of obtaining too mncb 
braking poww if one is used without first releasing the 
other? 

A, Each is entirely independent of the other, and the 
safety valves placed in the pipes leading to the driver and 
tender brake cylinders will permit only the predetermined 
amount of pressure considered suitable for maximum braking 
power. 

Q. What are the parts necessu? to add to the standard 
en^ne and tender equipment? 

A. As illustrated in Fig. 64-A, it is necessary to apply on 
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the engine a Slide-Valve Reducing- Valve, a %" Straight-Air 
Brake Valve, a Safety Valve set at 53 pounds, and a double 
check valve. On the tender the additional parts consist of 
a double check valve, a safety valve set at 53 pounds, am! 
suitable hose and connections. 

Q. What ia the object of the Slide-Valve Bedncing 
Valve? 

A. To reduce main-resen'oir pressure to 45 pounds, that 
being considered proper with the atraight-air brake. 
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FiG. 66.— Double Chbck Valve. 

Q. What positions has the Straight-Air Valve? 

A. Release, application and lap positions. In release posi- 
tion, cylinder pressure is exhausted directly to the atmo- 
sphere ; in application position main-reservoir pressure, reduc- 
ed to 45 pounds, passes through the brake valve to the double 
cheek valves and tlience to the cylinders. 

Q. Explain the mechanism of the doable check vi^ve 
(Piff. 66). 

A. It consists of a double piston with a leather face r 
each end. When air comes from the triple valve it (nor- 
ths pistons to such a position that no kir can ^hie'r Thri>:: 
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tiie atraiglit-air pipe; a set of ports is also opened to permit 
the air coming from the triple valve to flow to the brake 
cylinder. When the straight-air Ib used the opposite effects 
are produced; that is, the pistons blank the port connection 
to the triple valve and open a port connection from the 
straight-air pipe to the cylinder, 

Q. What i3 the object of the safety valve (Fig. 6^A)? 

A. If the reducing valve did not reduce the pressure prop- 
erly, owing to its being in poor condition, or if the automatic 
brake were used without first releasing the straight-air brake, 
the safety valve would allow any pressure in excess of 53 
pounds to escape. 

Q. If the Btraight-air brake is left partially applied 
and the antomatic is thea applied, what will be the result? 

A. Nothing unusual will be noticed until the engineer 
tries to release the automatic, at which time, as soon as the 
pressure in the pipe between the triple and double cheek 
valve is less than that between the straight-air valve and 
double check valve, the piston in the double check valve' 'wiU 
move over so as to stop the escape of air through the triple 
and establish a connection between the straight-air valve and 
cylinder. 

Q. How thea may the brakes be released? 

A. By placing the atraight-air valve in release position, 
where it should always be when the automatic brake is in use. 

Q. Where should the handle of the Engineer's Brake 
valve be placed when the straight-air is in nse? 

A. In Eunning Position. 

Q. If the antomatic brake is partially applied and the 
atraight-air is then used, what will be the result? 

A. As just described, with the opposite conditions, the 
brake could not he entirely released on the engine and tender 
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without putting the Engineer's Brake Valve of the automatic 
gystem in Rutming or Releaee Foaition. 

The following directione, if properly followed, will pro- 
duce best results : 

1. Always keep both brakes cut in and ready for opera- 
tion, unless failure of some part requires cutting out. 

2. Always carry an excess pressure in the main reBerroir, 
as this is necessary to insure a uniformly satisfactory oper- 
ation. 

3. When using automatic, keep straight-air brake valve in 
release position, and when using atraight-air, keep the auto- 
matic valve in rnnning position; this to avoid sticking of the 
driver and tender brakes. 

4. Automatic must not be used while straight-air is ap- 
plied; if desirous of using the automatic, first release the 
straight-air. 

5. Though the use of straight-air while automatic is ap- 
plied will not increase the driver and tender brake cylinder 
pressure above 45 pounds, yet release of either cannot be 
assured while the other brake valve is on lap or application 
position. 

6. Bear in mind that the straight-air on the driver and 
tender brakes is almost as powerful as the automatic brakes 
on same, and that each should be used with care to avoid 
rough handling of the train, or in holding down long grades, 
loosening of tires on drivers. 

7. The straight-air reducing valve should be kept adjusted 
to 4S pounds and the driver and tender safety valves at 93 
pounds. Where a fuU application of the straight-air caosea 
either or both safety valves to operate, it indicates too hi^ 
adjustment of reducing valve or too low adjustment of sate^ 
valves. Have them tested and adjusted. 
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Stkaiqht-Aib Brake Valve. 

Q. What is the valve shown in Figs. 6^ 67, 68, 60 and 
70, asd with what is it osed? 

A. It Ib known as the Straight-Air Brake Valve; it is 
the valve used in connection vith the Combined Automatic 
and Straiglit-Air Brake. 

Q. What do the different views represent? 

A. Fig. 68, a side view of the outside of the valve; the 
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Straioht-Aib Brake Vai.ve. *- 
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view (Fig. 70) is a horizontal cross-Beetion through FF 
(Fig. 68); Fig. 69 is a vertical croas-section ; Fig. 66, an 
end section showing the valve that controls the flow of pi-en- 
sure coming from the main reservoir; and Fig. 67 is an end 
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section through a plane which permits the valve controlling 
the exhaust to be seen. 

Q. Name the different parts of the valve. 

A. 1 is the valve body; 2, the valve shaft; 3, one of the 
two tappet pieces held to the shaft by rivetsj^/ISi,^ 'handle; 
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5, the quadrant; 6, the shaft waslier, which is of leather; 7, 
the shaft spring, which holds the collar of the shaft against 
the leather washer, thus making an air-tight joint, 8, the 
valve which controls main reservoir pressure; 9, the one 
controlling the escape of air to the atmosphere from the brake 
cylinder; 10 and 11, the check valve springs; 13 and 13, the 
valve caps; 14, the shaft cap nut; 15, the handle screw; 16, 
the handle latdi; and 17, the iatch spring, 

Q. The valves 8 and 9 control the flow of air throos^b 
the brake valve; how are these valves controlled? 

A. By the handle 4 acting through the shaft 2. As the 
handle is moved the shaft starts to rotate, thus causing one 
of the tappet pieces 3 (Figs. 66 anil 67) to engine the stem 
of either valve 8 or 9, according |-n the direction in which 
handle 4 is moved. If moved to the right {Fig. 66) valve 
8 is unseated; if moved to the lefl. valve 9 {Fig. 67) is un- 
seated. The shaft, as shown in Pigs. 66, 67 and 69, is cut 
away in two places, at the bottom of each of the slots a 
tappet piece is fastened with t*vo rivets. 

Q. What is the object of the tappet piece? 

A- The shaft could be designed to come in contact with 
the valve stems, but the s^Leel tappet pieces present a better 
wearing surface, as drv bIpio the steel pins inserted at tlie top 
of the stems of valves 8 and 9 (Fig. 69). 

Q. Where is tbe Straight-Air Brake Valve usually 
located? 

A. On the aide of the cab within convenient reach of the 
e&gineer: ' Sometimes on certain few classes of engines, it 
is more convenient to locate it on the boiler head, 

' Q. - In what three positions may the handle of the valve 
be placed? ., 

A. Eelease, application and lap. cricjtf ■ y 
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Q. Explain these posHions. 

A. As Bhown in Fig. 67 it is on lap; moved to the right 
it is in applicatioQ or serrlce position ; and to the left it is in 
release position. 

Q. Can the brakes be applied gradnally and released 
gradually with this brake valve? 

A. Ycb; a quick release or application is obtained vhen 
the valve handle is moved to either of the extreme positions 
shown. To obtain a gradual effect the handle of the valve 
should he moved a distance not sufficient to obtain the full 
movement of the valves. This can be told by the feeling 
when applying the brake, and by the sound aa well as the 
feeling when making a release. 

Q. What coimectioDs has the brake valve? 

A. It has three and, as indicated, they connect with the 
main reservoir at W; the brake pipe, or the one leading to 
the double check valve, at X (Fig. 67) ; and to the eshanat 

atr. 

Q- Explain the passa^^ of air throogh the brake valve 
when the handle is placed in appUcation position. 

A. When the valve handle is moved to the right the 
tappet piece in the shaft engages the stem of valve 8, forcing 
the valve from its seat against the pressure beneath it and 
tiie tension of spring 11. Air which comes from the main 
reservoir through the reducing valve (Fig. 64-A) enters 
the brake valve at W (Fig. 66) and passes up by the un- 
seated valve 8 into chamber b, thence through port 6' (Fig. 
69) into chamber 6' and out at X (Fig. 67) into the pipe 
which leads to the double check valves (Fig. 64-A), and 
through these valves to the brake cylinders. 

Q. When the valve handle is moved to lap, after mf- 
flcient braking power has been obtained, what closes valve 
"^ on its seat? 
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A. In this position the etem of valve 8 is clear of the 
tappet piece attached to the shaft, and the spring 11, together 
witli the pressure in chamber a, forces the valve to its seat. 

Q. What part has valve 9 performed diiring the opera- 
tions just described? 

A. Spring 10 (Fig. 6T), together with the pressure in 
chamber b', forces valve 9 to its seat and it thus prevents the 
escape of air to the atmosphere, 

Q. Explain the passage of the air when the brake valve 
handle 4 is placed in release position. 

A. Valve 9 is forced from its seat and air from the brake 
cylinder comes back through the double check valves (Fig. 
64-A), enters at X (Fig. 67) into chamber b', passes by the 
unseated valve 9 into chamber c, thence to the atmosphere at 
Y, and thus releases the air from the brake cylinders. 

Q. If the brake valve handle Is left in application posi- 
tion how much pressure will be obtained in the brake 
cylinda"? 

A. The reducing valve between the main reservoir and 
brake valve is adjusted ia close when the pressure between 
the redacing valve and brake valve is 45 pounds, hence this 
is the maximum pressure that can be obtained in the brake 
cylinders when using the straight-air brake. 

Q. In what position should the brake valve handle be 
carried whra the brake is not in use? 

A. Release position; so placed any slight leakage of main- 
reservoir pressure by the seat of valve 8 (Fig. 66) can not 
creep on the brakes, since the air would escape direct to the 
atmosphere by the unseated valve 9. 

Q. In piping this valve how may mistakes be avoided? 

A, By examining the raised letters cast on the outside of 
the luge into which the pipes are screwed. M. R. indicates 
main rewr-oir ; EX., the exhaust, and T. P., the brake-pipe 
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connection, or the one through which air reaches the brake 
cylinders after passing through the double check valves. 

Pecdliabities and Care op the Steaight-Aib Beake 
Valte. 

Q. What are the only parts in tl>e Straight-Air Brake 
7alve that get out of order? 

A. The rubber seats of valves 8 and 9, and the shaft 
washer, 6. 

Q. How may the check valvea 8 and 9 be removed? 

A. By removing caps 12 and 13 the valves will fall out. 

Q. Are valves 8 and 9 interchangeable? 

A. Yes. 

Q. What effect would be produced by a leak across the 
seat of valve 8? 

, A. Witli the brake valve in release position a constant 
blow would exist at the exhaust. When the brake was ap- 
plied this leak would continue to apply the brakes harder. 

Q. What effect wotdd be produced by a leak across the 
seat of valve 9? 

A, After the brake was applied and the brake-valve handle 
placed on lap the leak would gradually release the brake. 

Q. What effect would be produced if gasket 8 (Fig. 
69) formed a poor joint? 

A. The bad effect of this would only be noticed during 
such time as tlie brake was applied, when air chamber b, con- 
nected through port 6^ and b^ with the pipe leading to the 
doable check valves and brake cylindera, would pass by gas- 
ket 6 and escape to tlie atmosphere, causing a blow at the ex- 
haust and at the handle end of the shaft, tending to release 
the brake. 
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Q. To remove the shaft 2 for the purpose of cleaning, 
or for renewing gasket 6, what should first be done? 

A. Firat remove valves 8 and 9 to avoid bending steins of 
these valves which, as shown in Fig. 69, extend within the 
circumference of the shaft 2. Next, remove the handle 4 and 
cap 14, and the shaft can be lifted out, 

Q. In deaning the ralre what special care should he 
taken? 

A. Not to put any oil on valves 8 and 9, or where it can 
work down upon the seats. 
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CHAPTER VII. 

THE WESTINGHOUSE No. 6 ET LOCO- 
MOTIVE BRAKE EQUIPMENT 

The first Westinghouse ET Locomotive Brake Equipment 
•to come into general use is now designated as the No, 5 Equip- 
ment, and was described in the 1907 edition of this hook. It 
has since been succeeded by the No. 6 Equipment described 
below. The principal differences between the two equipments 
are mentioned at the end of this chapter, page 358. 

Q. What does the symbol XT designate? 

A. It designates the Westinghouse improved engine and 
tender, or locomotive, brake equipment, the letters ET being 
the initials of the words "Engine" and "Tender." 

Q. In what respect is the ET locomotive equipment an 
improvement over the standard brake? 

A. In that it consists of fewer parts ; that is, it combines 
practically in one mechanism the present combined-auto- 
matic and straight-air brake; and it possesses many improved 
features in operation. It is easier to understand and to 
operate and is cheaper to maintain than the present type of 
combined-automatic and straight-air brake. 

Q. What parts of the present combined-automatic and 
straight-air brake are displaced by the ET brake? 

A. All triple valves, all auxiliary reservoirs, all pressure 
retaining valves, all high-speed reducing valves, one brake- 
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pipe feed valve, the reversing cock, and all double chsck 
valves, 

Q. What does Fig. 71 represent? 

A. It represents all the parts of the ET eqaipment, and 
shows the method of piping them together. 

Q. What are the principal parta of the ET equipment? 

A. Referring to Fig. 71, it will be seen that they are ; an 
air pump, the main reservoirs, a main-reservoir cut-out cock, 
an automatic brake valve, an independent brake valve, a du- 
plex pump governor, a distributing valve, a brake-pipe feed 
valve, a reducing vatve, and the necessary piping, cut-out 
cocks, brake cylinders, brake-pipe strainers, angle cocks, and 
pressure gauges, 

Q. Can the ET equipment be used in all kinds of 
service, such as high-speed passenger, in freight, and in 
switching without change or modification of its parts? 

A. Yes; it is an equipment suitable for any kind of 
engine and train service, and engines equipped with it may 
be used in the different kinds of service without change or 
modification of its parts. 

Q. Why is this improved eqnipment necessary? 

A. Because of the heavier weight of all kinds of modem 
locomotives, greater weight and speed of passenger trains, 
greater length of freight trains, there is need of a more posi- 
tive and more flexible brake than the present standard to 
control their motion. There is also need of a means of 
graduating at will both the application and the release of 
the locomotive brake as well as releasing the brakes simultane- 
ously with, or independently of, the train brakes; this may 
be done with the ET brake. 

Q. Can shorter and smoother stops be mads with trains 
that are hanled by locomotives equipped with this brake 
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than can be made with those hatiled by looomotiTes hav- 
ing the older type? 

A. Yes ; considerably shorter and smoother stops can be 
made. Shorter because the distributing valve automatically 
maintains the pressure in the brake cylinders against leakage, 
during an application, and smoother because of the flexibility 
and quick response of locomotive brakes by means of the 
independent brake valve, and the graduated release feature in 
connection with the automatic brake valve. It also gives 
-SO per cent, more braking power in an emergency applica- 
tion, 

Q. What other special advantage is obtained by the 
use of this equipment? 

A. Brakes on long freight trains may be released at slow 
speeds with less danger of the train being broken in two. 

Q. What is the distinguishing valve of the ET equip- 
ment? 

A. The distributing valve. 

Q. No auxiliaries being used with the ET brake, where 
is the air taken tiom that is used in the brake cylinders 
to apply the brakes? 

A, From the main reservoirs. 

Q. Is this true both when an automatic, and when an 
independent application of the brakes is made? 

A. Yes; with either kind of application, the air used in 
the I brake cylinders is taken from the main reservoirs, the 
pressure first being reduced by a reducing valve. 

Q. How are the locomotive brakes operated independ- 
ently of the train brakes? 

A. By the use of the independent brake valve.' 

Q. How are the engine and train brakes operated 
simultaneously? 

A. By the use of the automatic brake valve, iooQic 
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Q. Beferrioff to Fifi^. 71, what is the porpou of tlie 
main reservoir cut-ont cock? 

A. When necessary to remove valves to make repairs 
to any part of the equipment after it is charged, this cock 
may be closed to prevent loss of main reservoir air. 

Q. Why is it that but one brake-pipe feed valve is 
tued with this equipment? 

A. Because the feed valve used has an improved regulat- 
ing attachment by means of which it can readily be changed 
from one brake-pipe pressure to another. 

Q. What is this brake-pipe feed valve called? 

A. The S-6 feed valve. 

Q. In what respect does the pump governor used with 
this equipment differ from the older type? 

A. In that it automatically adjusts the excess pressure 
whenever the adjustment of the feed valve is changed from 
one brake-pipe pressure to another. 

Q. By what name is this governor known? 

A. . It is designated the SF-i, or excess pressure gover- 
nor. (See Fig. 43.) 

Q. What is the purpose of the indcpendmt brake 
valve? 

A. It enables the engineer to operate the locomotive 
brakes in the same manner that he does now with the 
straight-air brake, and it also enables him, when the auto- 
matic brake is applied, to regulate the cylinder pressure on 
the locomotive, or to release entirely the locomotive brakobi, 
without effecting the train brakes. 

Q. When the brakes have been applied by the ase of 
the automatic brake valve on the lead engine, can the 
helper engineer release the brakes on his engine? 

A, Yes; by placing tlie independent brake valve in re- 
lease position. . He can also reapply them if desired. 
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Q. Should the en^eer after makmg an aatomatio ap- 
plication, entirely release the air from the brake cylin- 
ders hy the use of the independent brake valve, could he 
again apply them independently of the antomatic brake? 

A. YeB. 
Q. How? 

A. By moving the handle of the independent brake valve 
to application position, admitting the desired pressure, and 
then moving it back to running position. It could be re- 
turned to lap position, but if this were done, the brakes on 
the locomotive would not release when the automatic brake 
valve handle was placed in running position, 

Q. What should the engineer do whdn his engine is 
second, or a helper, in double-headinff? 

A. Close the double-heading cock in ihe brake-pipe un- 
der the brake valve, and leave both brake valve handles in 
running position. 

Q. Has the engineer the means of knowing how much 
pressure is being put into the locomotive brake cylinders 
at all times? 

A. Yes; the red hand of the smaller duplex air gauge 
in the cab shows brake-cylinder pressure at all times. 

Q. What pressures do the hands of the two duplex 
air gauges indicate? 

A. On the large gauge, the red hand shows main-reser- 
voir pressure; the black hand shows pressure in chamber D, 
{this is commonly considered aa representing brake-pipe pres- 
sure) ; on the small gauge, the red hand shows brake-cylinder 
pressure, and the black hand brake-pipe pressure. 

Q. What is the maximum pressure that can be obtained 
in the brake cylinders with the independent brake valve? 

A. Forty-five pounds. 
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Q. How is the iadependent-lirake preuare ngnlatod? 
A. By meanB of the pressure reducing valve. Fig. I'l. 
Q. Does this pressure redncinff valve serve the inde- 
peitdent brake only? 

A. No; it also does duty for tlie train air signal when 
the locomotive is equipped with the signal apparatus. 

Q. What is the ptupose of the combined strainer and 
check valve used in the signal pipe? 

A. It prevents dirt and other foreign matter from getting 
to the check valve, causing it to leak, and the check valve pre- 
vents a back flow of air from the signal pipe to the inde- 
pendent brake valve while the latter is being used. 

Q. If a pomp should break down on the second engine, 
and Inasmuch as the air for braking purposes is taken 
from the main reservoirs, oould the brakes be operated 
on this eng^e? 

A. Yes ; the engineer could open the cut-out coek in the 
■ "dead-engine" by-pass connection, which would allow the 
main reservoirs to charge up from the brake-pipe. 

Q. What qwcial adjustment is necessary in case of a 
dmd engine? 

A. Owing to the fact that a dead engine is very light, due 
to the fire having been dumped and the water drained off, 
it is not good praciice to use full braking pressure on the 
engine on account of the liability of wheel sliding. To pre- 
vent this, the safety valve on the distributing valve should 
have its adjustment reduced to 25 pounds, thus limiting 
brake-cylinder pressure to this amount. 

Q. What is 'the dead-engine by-pass connection? 

A. It is a by-pasa by means of which the main reser- 
voirs can be charged through a cut-out cock and a combined 
air strainer and check valve, the latter having a choke which 
regulates the flow of air from the brake-pipe at a speed such 
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that the air taken from it would not act to apply the train 
brakes while the main reservoirs are chaining. The check 
valve prevents air flowing back to the brake-pipe when a re- 
duction is made to apply the brakes, and the strainer, pre- 
vents dirt from lodging in the check valve and causing it to 
leak. The cut-out cock must be closed when thia connection 
is not being used, 

BRAKE VALVES FOR ET EQUIPMENT. 

H-6 Automatic Bbake Valve. 



Fig. 72.— Type H-6 Bbake Vali-c 

Q. How many positions has the H-6 automatic brake- 
valve handle? 

^- Six. D,g„,z.dt,Google 
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Q. Name them. 

A. They arc release, running, holding (see Fig. 74), lap, 
Beryice applieaUon, and emergency application positions. 

Q. What is the purpose of each? 

A. With the exception of release and locomotive brake 
holding, they are the same aa the corresponding positions 
on the G-G brake val,-e which have already been described 
in the first part of the book. 

In release position the train brakes can be released but 
not the locomotive brakes, and moving the handle back and 
forth between driver brake holding and running, or between 
release and running position, the locomotive brakes can be 
graduated off after the- train brakes are released or while 
they are releasing. Locomotive brake holding position, as 
its name implies, is for the purpose of holding these brakes 
applied until it ,is desired to release them. In tliis position 
the feed valve controls brake-pipe pressure. 

Q. What are the advantages of holding position? 

A. When releasing brakes on long freight trains the slack 
may be held bunched, thus preventing a break-in-two, es- 
pecially when release is made at low speed. This may also 
be done by leaving the brake-valve handle in release posi- 
tion; the handle may he moved to holding position to avoid 
overcharging. With passenger trains, straother and more 
accurate stops can be made, because train brakes may be re- 
leased just before stopping, and locomotive brakes gradua- 
ted off afterward. 

Q. When the handle of the H-6 brake valve is placed 
in emergency position is any additional braking power 
obtained in the locomotive brake cylinders? 

A. Yes ; about 30 per cent. 

Q. Explain this. 

A. When the handle is placed in emergency position. 
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m^n-reservoir presBUTe feeds through the brake-valve into 
the application-cylinder pipe, and thence to the application- 
cylinder of the distributing valve, raising the pressure there- 
in to an amount slightly above the adjustment of the safety 
valve. 

Q. What are the advantages of this increased pres- 
sore? 

A. It helps to make a shorter stop, and effectually pre- 
vents possibility of the engine breaking away from the train 
in emergency applications. 

Q. With what type of equipment is this brake valvfl 
(Kg. 72) tised? 

A. With the ET engine and tender brake equipment. 

Q. Is its principle of operation any different from that 
of the G-6 brake ralve, already described? 

A. No, it is designed on practically the same lines. 

Q. In what particnlars does it differ from the 0-6 
brake valve? 

A. First, in that it has s permanent base to which it is 
bolted, rendering it unnecessary to disturb any pipe joints 
whenever it ia necessary to remove it for cleaning and repairs; 
second, in that it has, in addition to the same positions for 
the handle, one more position known as the holding in which 
the locomotive brakra arc held applied while the train brakes 
are releasing; third, that the service exhaust is made at the 
center of the rotary instead of the side; fourth, that in re- 
lease position the engine and tender brakes are held applied; 
fifth, in emergency application position it feeds main-reser- 
voir pressure into the application-cylinder of the distribu- 
ting valve, thus inereaeing the pressure in the latter and hence 
in the brake cylinders, about thirty per cent; sisth, it has a 
feed-valve pipe connection; seventh, a distributing-valve-re- 
lease pipe connection. Di-:t.jL,Goot;ic 
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Q. What is Fig. 72? 

A. It is a view of the exterior of the hrake valve. 

Q. What does Fig. 74 represent? 

A. It represeota the top of the brake valves, and shows 
the different positions of the handles for operating them, 

Q. What do Figs. 73 and 75 show? 

A. Figs. 73 and 75 are views showing all the parts with 
their numbers and names. 

Q. Name the parts. 

A, They are as follows: 2, Bottom Case; 3, Botary-Valve 
Seat; 4, Top Case; 5, Pipe Bracket; C, Botary Valve; 7, 
Eotary- Valve Key; 8, Key Washer; 9, Handle; 10, Handle- 
Latch Spring; 11, Handle Latch; 12, Handle-Latch Screw; 
13, Handle Nut; 14, Handle Lock Nut; 15, Equalizing Pis- 
ton; 16, Equalizing-Piston Packing Eing; 17, Valve-Seat 
Upper Gasket; 18, Valve-Seat Lower Gasket; 19, Pipe-Brac- 
ket Gasket; 20, Small Union Nut; 21, Brake-Valve Tee; 
22, Small Union Swivel; 33, Large Union Nut; 24, Largo 
Union Swivel; 25, Bracket Stud; 26. Bracket Stud Nut; 37, 
Boltand Nut; 28, Cap Screw; 29, Oil Plug; 30, Eotary Valve 
Spring; 31, Service-Exhaust Fitting. 

Q. In Fig. 75 three distinct views are giyen. Name 
them. 

A. That at the top ia a section showing the rotary valve 
seat and the arrangement of the ports in it ; that at the right 
is a drawing of the rotary valve, and shows the arrangement 
of the ports and cavities in it; the lower cut is a longitudinal 
section through the body of the whole brake valve showing 
the interior construction, the equalizing discharge piston, 
and the service exhaust. In this drawing the pipe connec- 
tions are also shown. 

Q. Explain the pipe connections of the H-6 brt^e 
valve. 

A. Referring to the piping diagram, Fig. 71, they are 
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as follows: Main-reeervoir pipe; feed-Tftlve pipe; brake-pipe; 
independent brake valve and application cylinder; disbibn- 
ting-valve release; exceae-presBure pump governor; and one 
to the air gauge and equalizing reservoir connections. 

Q. Are these connectionB made to the brake valve 
proper or to its base or pipe bracket? 

A. They are made to the pipe bracket. 

Q. EsplEUQ the operation of the H-6 brake valve. 

A. Release Position: In this position the large port a 
of the rotary is brought into full register with the large 
port b (Figs, 73 and 75) leading to the circular cavity that 
extends around under the rotary seat to port c, which leads 
directly into the brake-pipe, thus providing a direct passage 
for maia-reaervoir air into the brake-pipe. In this position 
the port I which leads from the application cylinder through 
the independent brake valve to the rotary seat is closed so 
that the apphcation cylinder air cannot escape, nor the engine 
and tender brakes release; the warning port r is open to the 
atmosphere, through the exhaust allowing a small quantity 
of air to escape from the feed-valve pipe, in the rotary valve 
which then connects ports r and d. -Ports j in the rotary 
and port g in the seat, leading to chamber D, are in register 
so that air can flow freely to this chamber and the equalizing 
reservoir connected with it. Port s in the rotary and port 
p in the seat are in communication so that main r^ervoir 
air can flow to the excess pressure top of the pimip governor. 

Running Position : In this position port a in the rotary 
is blanked by the rotary seat and air at feed valve pres- 
sure, then enters the brake valve at port d in the rotary seat, 
leading from the feed valve, passes through cavity / in the 
rotary valve face into port 6 around through the cavity reach- 
ing to port c and thence to the brake pipe. In this position, 
brake-pipe air goes to chamber D and the equalizing reser- 
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voir through port c in the rotary seat, cavity it in the ro- 
tary, and port g. 

In ttiis position port I in the seat is in register with port 
and passage h in the rotary, so that air from the application 
cylinder of the distributing valve can escape to the atmos- 
phere, and release the engine and tender brakes. Main- 
reservoir pressure continues to reach the low-pressure gover- 
nor head through port s in the rotary, port p in the seat, and 
a suitable pipe connection. 

Holding Position: Air from the feed-valve pipe flows to 
the brake-pipe through the same ports as in running position, 
but the port I is blanked so that the air cannot escape from 
the application cylinder and the brakes on the engine and 
tender remain applied, and the feed valve controls braK&- 
pipe pressure. The same connection to the governor still 
exists as in running position. 

Lap Position: All ports in the brake valve are lapped. 
The maximum-pressure governor head now controls the pump. 

Service Application Position: Port e, the preliminary 
eshaust port leading from chamber D and the equalizing 
reservoir, is in register with port and passage ft in the rotary 
leading into the exhaust EX, thus permitting the pressure 
above the equalizing discharge piston and valve lo to re- 
duce, and the latter to rise and discharge brake-pipe air to 
the atmosphere. When the brake-pipe pressure below the 
equalizing discharge piston reduces to an amount slightly 
below that remaining in chamber D and the equalizing reser- 
voir, it will close the service e:>ihaust and prevent further re- 
duction in brake-pipe pressure. The operation of the H-6 
brake valve in service applications is precisely the same as 
that of the Q-6 brake valve already described. 

Emergency Position: The large cavity x in the rotary, 
■which leads to the emergency exhaust port EX, and the large 
brake-pipe port c, are in register, so that brake-pipe air has 
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a free escape to the atmosphere, tliU9 providing for the qnick 
reduction of brake-pipe pressure. At the same time port j 
through the rotary valve registers with the groove in the seat 
connecting with port d; cavity k also registers with this 
groove; the small port n connects cavity A; with port « in 
the seat; therefore main-reservoir air flows through port j, 
tlie groove in tlie seat, cavity k, ports n and u to the appli- 
cation-cylinder pipe, and thence to the application cylinder 
of the distributing valve. This augments the maximum 
pressure in this chamber about 30 per cent in an emergency 
application of the brake. At the same time, a small port 
connects cavity x in the rotary valve with port g in the seat, 
and as cavity x is always in communication with the exhaust 
port EX, the pressure in chamber D and equalizing reser- 
voir is released to the atmosphere. 

Q. For what pTirpoae is the plng^ 29? 

A. This is an oil plug that provides a convenient means 
of oiling the rotary valve. Whenever the rotary begins to 
show signs of working hard, this plug may be removed and 
valve oil poured in until it appears at the level of the hole, 
when the plug should be screwed back. It should be borne 
in mind, however, that there should be no air pressure on 
the rotary when this plug is removed. 

Q. Where does the oil go that is thus poured into the 
rotary? 

A. It fills up the small annular space in the body 4, which 
surrounds the rotary and its seat at their line of meeting. 

Q. How does this oil get upon the rotary seat? 

A. When the rotary is under pressure the oil in the an- 
nular space is also under pressure, and as the rotary is 
turned in operating the brake, the oil is worked in between 
the rotary and its seat in a thin film, keeping it nicely lubri- 
cated. 
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Q. Aside from the lubricating the rotary and its seat, 
does the oil have any other effect on the working of the 
valve? 

A. Yes, it tends to keep the rotary from leaking by 
keeping (lie parts well lubricated and tlius avoids cutting. 

Q. When it is desired to remove the brake valve for 
repairs, what is necessary to do? 

A, Unscrew the bolls and nuts and lift the valve off its 
base. No pipe connections need to be disturbed, 

Q. After removal to take the valve apart, what is 
necessary? 

A. Unscrew the cap screws. 

Q. What is the purpose of the smaU ping, with the side 
outlet in it, that is screwed in the service exhaust open- 
ing? 

A. This small plug is provided with the side outlet to 
change tlic direction of the cxhaiif^t and prevent the escap- 
ing air from blowing on to the feet of tlio engineman. 

The S-G Indei'endent Brake Valve. 

Q. What is represented in Figs. 76, 77 and 78? 

A. The independent brake valve. Fig. 7G being an ex- 
terior view, Fig. i7 a sectional view, showing the rotary seat 
with its ports and also the arrangement of the interior parts. 
Fig. 78 shows tlie ditferent positions of the brake valve liandlf, 
a plan of the rotary valve and an interior view of all its parts, 

Q. What are the names cf the parts of the independent 
brake valve as numbered on Pig. 78? 

A. 2, Pipe Bracket; 3, Rotary- Valve Seat; 4, Valve 
Body; 5, Return-Spring Casing; G. Return Spring; 7, Cover; 
8, Casing Screw; 9, Rotary \'alve; 10, Rotary-Valve Key; 
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11, Rotary-Valve SpriDg; 12, Key Washer; 13, Upper 
Clutdi; 14, Handle Nut; 15, Handle; 16, Handle-Latch 
Spring; 17, Latch Screw; 18, Handle Latch; 19, Cover 
Screw; 20, Oil Plug; ai. Bolt and Nut; 22, Bracket Stud; 
23, Stud Nut; 24, Upper Gasket; 25, Lower Gasket; 36, 
Ix>wer Clutch; 27, Return-Spring Stop; 28, Cap Screw. 

Q. How is this valve connected ap with respect to pip- 
ing? 

A. As shown in the piping diagram, Fig. 71, 
it has one pipe connection to the automatic brake valve, one 
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to the application cylinder of the distrihuting valve, one to 
the diatributiag-valve exhaust, and one to the air supply. 

Q. Does it have these pipe connections made direct to 
the brake valve or are they made to a permanent base the 
same as with the antomatic brake valve? 

A. The pipes are directly connected to a bracket and it 
ia not necessary to disturb pipe joints to remove the oper- 
ative parts of the valve. 

Q. Why is the indepe'ndent brake valve sapplied in ad- 
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view of rotary-valve seat, and transparent plan view of rataiy 
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dition to the antomatie brake valve with the ET equip- 
ment? 

A. So that tliu locomotive brakes, if desired, may be 
operated independently of tlie automatic brakes both on the 
engine and on tlie train at all times. 

Q. Name the different positionB for tiie brake valve 
handle. 

A. Tliey arc release, running, lap, slow application and 
quick application positions. 

Q. Explain the different positions of the Independent 
Brake Valve (Fig. 78). 

A. The position at the left is release; this can be used 
regardless of tlic position of the automatic brake valve 
Iiandle to obtain an independent release. If the hand is 
removed from flic handle when hi tliis position the return 
spring autumatically returns it to running position. 

Ruuning position is the normal position when the valve is 
not in use. If tlie automatic brake valve is in running posi- 
tion the brakes on the locomotive can be released by placing 
the Independent Brake Valve handle in running position. 
It is necessary for the handle to be in tliis position for the 
brakes on the locomotive to release wlion the handle of the 
automatic brake valve is placed in running position. 

Lap position; in this position all ports are closed. 

Slow-application position; the use of this position permits 
air pressure to gradually flow to the application cylinder of 
the distributing valve, thus causing the brakes to apply on 
tbe locomotive. 

Quick-application position; in this position air pressure 
flows quickly into the application cylinder, causing a prompt 
application of locomotive brakes, 

Q. When the handle ia in release position, how are the 
brakes released? 

A, Whetf tbe handle is in release position port d. Fig. 78, 
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leading to the application cylinder of the distributing valve, 
is open to the atmosphere through exhaust port g in the 
rotary and central exhaust port .h in the seat, so that the air 
can escape from the application cylinder, thus permitting 
the brakes to release. 

Q. When the handle is placed in release position, will 
it remain there if the hand is removed? 

A. No, it will be returned automatically to running po- 
sition by return spring 6. 

Q. Where ahonld the handle be carried when the in- 
dependent valve is not in nse? 

A. Always in running position. 

Q. What is the relation of the ports in running posi- 
tion? 

A. In running position port a and port c in the rotary 
seat are in communication through passage f in the rotary, 
BO that air from the distributing- valve exhaust may pass 
through the independent brake valve to the automatic brake 
valve, where it can escape to the atmosphere, when the handle 
of the latter is in running position. 

Q. Why are ports a, c, and passage f so arranged? 

A. To enable the engineer, whenever operating the auto- 
matic brake, to hold the locomotive brake applied when re- 
lasing the automatic brakes; that is, to enable him to con- 
trol the escape of air from the application cylinder when re- 



Q. How are the brakes applied independently? 

A. By moving the handle to either application position 
and admitting air to the application cylinder, 

Q. How are the ports arranged in slow application 
position? 

A. Supply port h and service port d are connected by the 
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circular cavity e and gniall port m, and air can flow from the 
supply direct to tlie application cylinder. 

Q. How are the ports arranged in qoiok application 
position? 

A. Ports b and d both connect with cavity e, giving a 
more rapid flow of air from the supply to the application 
cylinder than in slow application position. 

Q. What is lap position for? 

A. To blank all ports when the brakes have been applied 
independently with the desired degree of force. 

Q. What is the maximum brake-cylinder pressure ob. 
tainable with the independent brake ralve? 

A. Forty-five pounds. 

Q. Why is this? 

A. Beeauae the air that comes from the main reservoir 
to the independent brake valve must first pass through a 
pressure-reducing valve, adjusted at 45 pounds; this valve 
is located in the main-reservoir pipe at a point before it 
reaches the independent brake valve. 

Q. Trace the air through the independent brake valve? 

A. Air from the main reservoir, reduced in pressure to 
45 pounds, enters tlie brake valve, at the supply connection. 
Fig. 78, passes up through port h in the seat to the circular 
cavity e in the face of the rotary and through the port at 
the right hand end of this cavity to tlie top of the rotary. 
There ia always independent-brake pressure, 45 pounds, on 
top of the rotary with the handle of the brake valve in any 
of its positions. With the handle in application position, 
port h and port d are connected by the cavity e (and port 
m), and air can flow into application cylinder pipe to the 
application cylinder of the distributing valve to apply the 
brakes. With the handle in lap position communication be- 
tween the various ports is cut off and air cannot flow in 
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any direction through tlie valve. With the handle in nm- 
ning position, the passage / in the rotary connects port a 
from the distributing-valve exhaust, and port c, the latter 
leading to the automatic brake valve, so that when the 
handles of both valves are in running [>osition the air may 
escape from the application cylinder to the atmosphere and 
releaae the brakes. With the handle in release position, 
cavity g in the rotary connects port d with the central ex- 
haust port h leading to the atmosphere. 

Q. When is it necessary to use the release position of 
the independent braJEe valve in order to release the loco- 
motive brakes or reduce the brake-cylinder pressure? 

A. Only when the handle of the automatic brake valve 
is not in running position. 

Q. If it is desired to remove the brake valve for clean- 
ing or repurs, what is it necessary to do? 
A. Unscrew the nnta from bolts 21 and take the valve 

oS its base. 

Q. How is the valve taken apart to get at the interior 
parts? 

A. Unscrew the cap screw 28, the cover screws 19, and 
the nut 14, and all parts of the valve may be separatpd. 

Q. What is the function of the spring 117 

A. It keeps the key washer 12 and the rotary-valve key 
10 up from the rotary and makes the washer press against 
the valve body 4, thus preventing leakage by the rotary-valve 
key when the pump is first started. It also serves to hold 
the rotary on its seat when there is no pressure and thii; 
prevents dirt from getting on the valve seat. 

Q. With the independent brake valve, can the locomo- 
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tive brakes be applied and released vndttc ai^ and all con- 
ditions of service? 

A. Yes, tliey can be controlled perfectly with the inde- 
pendent brake valve under all conditions of service. 

Q. When the engine is standing alone on ash pits, 
turntables, or sidings, and when doing work about the 
engine, should the independent brake valve be applied and 
left applied? 

A. Yes, this practice should be followed at all such 
times, 

Q. Why is it important to do this? 

A. To avoid possibility of the locomotive moving when 
not desired, aa from a leaky tlirottle or other cause. 

THE NO. 6 DISTEIBUTING VALVR 

Q- What do Fig:s. 7S and 80 represent? 

A. They represent the distributing valve and reservoir, 
sliowing its general appearance, pipe connections, and also 
tlie double chamber reservoir, with its pressure cliamber and 
application chamber. 

Q. Name the pipe connections to the distributing valve, 
and describe them. 

A, Keferrlng to Fig. 79, the connection marked "MR" 
is the supply-pipe connection. The supply pipe connects 
the main-reservoir pipe and the distributing valve. Tlie 
connection marked "IV" is the distributing valve release 
pipe, and connects the exiiaust port througli the equalizing 
slide valve of the distributing valve witli the independent 
brake valve, and when the latter is in running position, ex- 
tends througli it to the automatic brake valve. The inter- 
mediate connection marked "11" connects the application 
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cylinder to the Indepeodent brake Talve, and to tlie auto- 
matic brake valve. 

Eeferring to Fig. 80, tlie upper connection is the one tliat 
connects the distributing valve to tlie brake cylinders. The 



lower connection is tlie one between the brake pipe and the 
distributing valve. 

Q. What is the function of the distributing valve? 

A. To admit air to, and to exbauiit it from, all the brake 



Fie. 80. — DisTBiBumio Valve and Double-Chahbeb Rebebvoie. 
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cylinders on the locomotive, both in automatic and in in- 
dependent applications, and to maintain automatically the 
desired cylinder pressure regardless of cylinder leakage and 
variation in piston travel. 

Q. What are the purposes of the cnt-ont cocks in the 
hrake-cylinder pipe? 



Fio. 81. — Rblcasb Position — Automatic ob Ibdepehdknt. 
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A, In caae it is desired to cut out any one or all of the 
brakes for any cause, euch as buret hose or broken down 
brake rigging, they may be closed to prevent the brakes from 
applying. 

Q. Should the hose burst either in Aront of the engine- 
track brake or of the tender-brake cylinder during a 
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brake application, would the other brakes releaM? 

A. No. 

Q. Why is this? 

A. Because of the special choke fittings {Fig. 71) in 
the end of the cut-out cocks toward the brake cylinder, which 
prevent air from passing through them faster than the dia- 
tributing valve can supply it. 
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Q. What is the standard brake-pipe pressure carried 
with the ET brake? 

A. For the ordinary brake 70 pounds; for the high- 
speed brake 110 pounds; and for the double-pressure control 
00 pounds. 

Q. What does Yig. 91 represent? 



Tio. 84. — Automatic Sebyick. 
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A. It is a sectional drawing showing the interior of the 
distributing valve aa actually constructed. 

Q. Referring to Figs. 80 and 91, what are the names 
of the parts as nmnbered? 

A, The proper names of the different parts of the dis- 
tributiTig valve are aa foUowa ; 2, Body ; 3, Application-Valve 
Cover; 4, Cover Screw; 5, Application Valve; 6, Applicatiou- 
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Valve Spring; t, Application -Cylinder Cover; 8, Cylinder- 
Cover Bolt and Nut; 9, Cylinder-Cover Gasket; 10, Appli- 
cation Piston; 11, Piston Follower; 12, Packing Leather 
Expander; 13, Packing Leathe": 14. Applieation-PiBton 
Nnt; 15, Application-Piston Packing Ring; 16, Exhaust 
Valve; 17, Exhaust- Valve Spring; 18, Application- Valve 
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Pin; 19, Graduating Stem; 20, Application-Pifiton Gradu- 
ating Spring; 21, Graduating-Stem Nut; 22, Upper Cap 
Nut; 23, Equalizing Cylinder Cap; 24, Cylinder-Cap Bolt 
and Nut; 25, Cylinder-Cap Gasket; 26, Equalizing Piston; 
27, Equalizing-Piston Packing Ring ; 28, Graduating Valve ; 
29, Graduating-Valve Spring; 31, Equalizing-Slide Valve; 
32, Equalizing SUde-Valve Spring ; 33, Lower Cap Nut ; 34, 
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Safety Valve; 35, Double Chamber Reservoir; 36, EeBervoir 
Stud and Nut; 37, Reservoir Drain Plug; 38, Diatributing- 
Valve Drain Cock ; 39, Application-Valve Cover Gasket ; 40, 
Application-Piston Cotter; 41, Distributing Valve Gasket 
(not shown) ; 42, Oil Ping; 43, Safety-Valve Air Strainer; 
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44, Graduating Sleeve; 45, Cylioder-Cap Nut; 46, Equoliz' 
ing-Piston Graduating Spring. 
Q. Wliat do Figs.* 81 to 89 inclusive represent? 

A. They are diagrammatic drawings that represent the 
distributing valve in all of its different operative positions. 
Q. Name these positions. 
A. They are, Fig. 81, Release, Automatic or Independent; 
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Fig. 83, Icdependent ApplicatioQ; Fig. 83, Independent 
Lap; Fig. 84, Automatic Service; Fig. 85, Service Lap; 
Fig. 86, Emergency; Fig. 87, Emergency Lap; Fig. 88, 
Release Position, when locomotive brake is released by in- 
dependent brake-valve after an application by brake-pipe re- 
duction; Fig, 89, Emergency Position, when the quick- 
action cap is used. 

Q. What is represented in Fig. 90? 

A. Fig. 90 represents the plan of the graduating valve, 
shows two views of the slide valve, face and plan, and a 
plan of the slide valve seat. 

These views show the arrangement of ports as they act- 
. ualiy are constructed, aild are not diagrammat'C drawings. 

Q. How does the distribnting valve charge ttp tlie pres- 
sure chamber of the double chamber reservoir? 

A. In precisely the same manner that a triple valve 
charges an auxiliary reservoir ; that is, by referring to Fig. 
81, brake pipe air enters the distributing valve at BP, fills 
chamber p, and flows through the feed groove v at the top 
of piston 26 to the slide valve side of this piston, and thence 
to the pressure chamber through port o until the pressure in 
this chamber is equal to that in chamber p and tlte brake 
pipe. 

Q. Then the pressure in the pressure chamber, when 
folly charged, is equal on both sides of piston 26? - 

A. Yes. 

INDEPENDENT APPLICATION. 

Q. What takes place in the distributing valre when 
the handle of the independent brake valve is placed in 
service position? 

A. As shown in Fig, 82, air is admitted directly from 
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this valve to the application cylinder, forming a piesenre 
therein which causes the application piston 10 to move for- 
ward compressing spring 20, until stopped by the graduating 
stem 19. This in turn moves the brake cylinder e^aust 
valve 16, and the application valve 5, over until the former 
closes the brake cylinder exhaust port and the latter opens 
its port Under these conditions main-reservoir air from 
chamber a is free to flow to the brake cylinders throagh 
chamber b and port c. 

Q. After the pressure in the brake cylinders becomes 
sliffhtly greater than that in the application chamber what 
takes place? 

A. The application piston 10 and the supply valve are 
moved by the excess pressure and the spring 30 to the inde- 
pendent lap position, as shown in Fig. 83. The movement 
of the piston is stopped by its striking the exhaust valve 16, 
which does not move, 

Q. Row is this valve mode to assume this position? 

A. When the pressure in chamber 6 is slightly greater 
than that in the application cylinder, piston 10 and appli- 
cation valve 6 move back until valve 5 laps its port, where 
further flow of raain-reaervoir air to the brake cylinder is cut 
off, and the brake remains applied with a pressure equal to or 
slightly in excess of that in the application cylinder. 

Q. Suppose that after application valve 6 moves to lap 
position, leakage of air ,from the brake cylinders shonld 
cause the pressure therein to fall, what would occur? 

A. As soon as the pressure in chamber 6 fell slightly 
below that in the application cylinder, the application piston 
10 would be forced to the right and application valve 5 would 
open its port and admit main-reservoir air again to supply 
the leakage and raise the brake-cylinder pressure practically 
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equal to that in the application chamber and the applicatioil 
cylinder, then move back to lap. 

Q. How are the brakes released after an independent 
application? 



Fio. 91. — DiaTRiBUTiNO Valve SHowina CoNBECTiona. 

A. By placing the handle of the independent brake valve 
in running position, when the air in the application cylinder 
will escape to the atmosphere ; the pressure in chamber ft will 
fhei. force the application piston and both valves to' release 
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position, ee ahowa in Fig. 81, and brake-cylinder air will 
then escape to the atmosphere through the exhaast ports in 
exhaust valve 16, and in the body of the distributing valve. 

Q. Wliat podtion most the handle of the automatic 
bra^e valve be in that the air may escape from the ap- 
plication oylindor when the handle ot the independent 
brake valve is In running position? 

A. In running position, 

Q. Does the eqaalizing piston 26 and its attached parts 
operate daring: an independent application and release? 

A. TJo; they remain inoperative, as shown in Figs. 81, 
83 and 83. 

AUTOMATIC OPERATION. 

Q- How is an aatomatic service application of th« 
brake made? 

A. By moving the handle of the automatic brake valve 
to service position and making the desired brake pipe 
reduction. 

Q. When a reduction in brake-pipe pressure takes 
place, what happens in the distributing valve? 

A. With the pressure chamber charged equal to that in 
the brake pipe, a reduction in brake pipe pressure causes 
equalizing piston 26 to ipove to the right (Fig. 84), carry- 
ing with it slide valve 31 until the knob on the piston strikes 
the graduating sleeve 44, which closes the exhaust port lead- 
ing from the application chamber to the distributing-valve 
release pipe, and the graduating valve 28 is moved to the 
right until it uncovers tlie service port z, which leads into 
passage h and the application cylinder, and through cavity 
n and port w to the application chamber, thus allowing air 
from tiie pressuro phamber to flow into the application 
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cylinder and chamber. The preaaure tbua formed in the appli- 
cation cylinder and chamber caueea the application piston 10, 
exhauat valve 16, and application valve 5 to asaume the posi- 
tion shown in Fig. 84, "Automatic Service," and apply the 
brakes. 

Whea the pressure in tlie preasure chamber falls alightly 
below that in the brake pipe, equalizing piston 36 moves 
back, carrying with it the graduating valve 28, without 
moving slide valve 31, until the graduating valve closes port 
z, and prevents any further flow of air from the pressure 
chamber to the application chamber. It is then in "Service 
Lap" position as shown in Fig. 85. 

Q. How much of a brake-pipe service redQCtion is re- 
quired to set the brake in full? 

A. About 30 pounds, the same as with a triple valve. 

Q. How is the brake released by the aatomatie brake 
valve? 

A. An increase of brake pipe pressure raises that in 
chamber p (Fig. 85) of the distributing valve. This pres- 
sure being greater than that in the pressure chamber of the 
distributing valve, forces piston S6, and the parts controlled 
by this piston, to the left. In this position the pressure from 
the application cylinder and the application chamber is free 
to flow through port h and the independent brake valve to 
the automatic brake valve, from whence it may escape to the 
atmosphere when the brake valve handle is in running posi- 
tion. 

The escape of the pressure through port k, connected with 
the applicaton cylinder, reduces the pressure in this cylinder 
and permits the greater pressure in chamber b to force piston 
10 to the left; it in turn draws the parts attached to it to 
a corresponding position {Fig. 81). In tliis position brake- 
cylinder pressure escapes to the atmosphere through ports 
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d and e in the seat of the slide valve 16 and the brakes on 
the locomotive release. 

Q. How is an aatomatio emergency application made? 

A. By making a quick, heavy brake-pipe reduction, when 
the equalizing piston 36, with equalizing slide valve 31, and 
graduating valve 28, will move their full stroke with suf- 
ficient force to compresB the graduating spring 4C, strike 
against the gasket 25, and open port h wide to the applica- 
tion cylinder without opening port w to the application 
chamber, as shown in Fig. 86, permitting full equalization 
between the pressure chamber and the application cylinder 
only, which, being very small in volume compared to the pres- 
sure chamber, will equalize at a much higher pressure than 
when the application chamber is connected to the application 
cylinder; thus applying the brakes with a much greater force 
than in a full service application. 

(^ Are t-hqre an; other times when the application 
ehamber and application cylinder are not connected? 

A. No; only in emergency applications. 

Q, From what other Bonrce is air preBsore supplied to 
tiie distribnting valve in emergency applications? 

A, When the handle of the automatic brake valve is in 
emei^ency position, main-reservoir air feeds through ports 
in the rotary valve and seat to the application-cylinder pipe, 
and thence directly into the application cylinder of the dis- 
tributing valve throi^h port h. 

Q. How mnch pressure is obtained in the application 
cylinder and the brake cylinders in an emergency applica- 
tion? 

A. Assnming the brake-pipe pressure to be 70 pounds, 
about 69 pounds is had in the brake cylinders. 

Q. How is this additional IS pounds obtained? 

A. By the higher equalization of application cylinder 
and pressure chamber, and the maintaining of the reenlting 
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pressure by the flow of main-reservoir air tbroagh the brake 
valve and application -cylinder pipe. 

Q. What provision is made to prevent too high a pres- 
anre m the broke cylinder? 

A. The safety valve, as shown in Fig. 86, is connected 
through ports in the equalizing slide valve to the application 
cylinder, and when the pressure becomes higher than its limit 
of adjustment (68 pounds) it opens and vents the surplus 
air to the atmosphere. 

Q. What is the emergency lap position of the distribnt- 
ing valve? 

A. It is the position shown in Fig, 87, in which the 
application piston 10 and application valve 5 have been 
moved back by excess pressure and graduating spring 30 
far enough to close the port in the supply valve and prevent 
further flow of main-reservoir air to the brake cylinders. 

Q. What does Fig. 88 illnstrate? 

A. It illustrates the positions of the various valves in 
the distributing valve after an automatic application, and 
then an independent release have been made. 

Q. In what kind of application do the equalizing piston 
26 and the slide valve 28 and 31 operate? 

A. In all automatic applications of the brake both serv- 
ice and emergency. 

Q. How much pressnre can he had in the brake cylin- 
der in a full service application? In an emergency? 

A. When the brake-pipe pressure is 70 pounds, about 50 
pounds, the same as with the present brake in a service ap- 
plication. In an emergency application the cylinder pres- 
sure would approximate 65 pounds. 

Q. Sappose the high-speed-brake pressnre of 110 
poands is being nsed, how much will be had in the ap- 
plication cylinder in an emergency application? 
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A. About 90 pounds; the same will be had in the brake 
cyliaderB, and these presaurea will gradually be reduced to 
68 pounds by the safety valye. 

Q. Is it necessary to break any pipe joints when re- 
movinir the dlBtributins: valve from the doable-oliamber 
reservoir? 

A. No; all the pipe connections are made to the double- 
chamber reservoir proper. 

Q. Suppose it were desired to remove the application 
piston, how should this be done? 

A, The application-valve cover 3 should first be removed, 
then the application valve 5 and the application-valve pin 
18 should be taken out, after which the application-cylinder 
cover can be removed and the application piston taken out 
for inspection and repairs. 

Q. What is the purpose of the small port a? 

A. It forms a passage for any water that may deposit in 
the cylinder to the right of the application piston to drain 
off into port m, where it runs to the bottom of the valve, 
and should be drawn o£E each trip by means of the drain 
cock 38. 

The Qcick-Action Ctlindee Gap. 

Q. What device is iUostrated in Tig. 927 

A. The quick-action cylinder cap. 
Q. With what valve is this used? 

A. The distributing valve. 

Q. What is the purpose of this cap? 

A. It furnishes & means of obtaining quick-action with 

the distributing valve the same as is obtained with a quick- 
action triple valve; that is, it vents a portion of the brake- 
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pipe pressure into the locoi&otiTe brake cylinders in emer- 
gency applicatioDB. 

Q. What effect has this on the train? 

A. It quickens tlie reduction of brake-pipe preaaure, , 
making it more certain that all quick-action triple valvea in 
the train will go to emergency position. 



Fig. 92. — Quice-Actior CruifDiB Caf. 

Q. When is this cap tued? 

A. In the same class of service that uses quick-action 
triple valves on the tender with the old standard locomotive 
brake. 

Q. It is not then a standard part of the ET equip- 
ment? 

A, No; only when conditions require it. '-■OOglc 



£T Locomotive Brake EttutPHENT 249 

Q. When used, how i» it attadied to Uw distribntiiig 

valve? 

A. The plain cylinder cap 23 is removed, and the quick- 
action cap put in its place. 

Q. Beferring to Fig. 92, what are the parts of the 
qoick-action cylinder cap? 

A. 44, Cylinder-Cap Body; 45, Stop Nut; 46, Graduat- 
ing Spring; 41', Bushing; 48, Slide Valve; 49, Check- Valve 
Kut; 50, Check- Valve Seat; 51, Check- Valve Nnt; 52, 
Check- Valve Eubber Seat; 53, Check Valve; 54, Check- 
Valve Spring; 55, Graduating- Spring Nut; 56, Slide-Valve 
Pin; 57, Slide-Valve Spring; 58, Graduating-Stem Pin; 59, 
Graduating Stem. 

Q. Beferring to fig. 89, how does this cap operate? 

A. In an emergency application^ equalizing piston 26 
moves rapidly to the rightr, its knob striking graduating 
stem 59 and compressing the graduating spring, until it 
strikes the cylinder-cap gasket. The movement of the gradu- 
ating stem carries with it slide valve 48, and opens port j, 
allowing brake-pipe air to flow to cavity x, force down check 
valve 53 and flow through ports m and c to the brake cylin- 
ders on the locomotive. The other parts of the distributing 
valve operate exactly as already described for emergency ap- 
plications. As soon as the decreasing pressure in the brake 
pipe becomes equal with the increasing pressure in the brake- 
cylinder pipe, check valve 53 is forced to its seat by spring 
54, and prevents any air flowing from the brake cylinders 
back into the brake pipe. When the brakes are released 
after an emergency application, piston 26 is forced to the 
release position, as already described, and the graduating 
spring forces graduating stem 59 and slide valve 48 to the 
positioi) shovn in Fig. 89, closing port /, and preventing 
brake-pipe air from flowing to the brake cylinders. 
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Q. How does it operate when antomatie service ap- 

plioations are made? 

A, The parts do not move; the graduating atem 59 forma 
the stop against which the equalizing piston strikes, exactly 
the same as graduating sleeve 44 in the plain cylinder cap. 

Q. What woald occur if slide valve 48 leaked? 

A. There would be a slight blow at the brake-cylinder 
exhaust of the distributing valve in release. 

The 08B OF THE Sapety Valvb. 

Q. Wbat ftiBction does the safety valve, shown in 
JigB. 79 and 80, perform when attadied to the distiibnt- 
ing valve? 

A. It performs all the functions of the ordinary brake 
cylinder relief valve and in addition those of the high-speed 
reducing valves. 

Q. What are the names of the difTerent parts of this 
device? 

A, As shown in the illustration they are, 2, Body; 3, 
Cap Nut; 4, Valve; 6, Valve Stem; 6, Adjusting Spring; 
7, Adjusting Nut. 

Q. Of what peonliar stjle or variety is this valve? 

A. It is known as the pop-valve style. 

Q. At what pressure is this valve usually adjusted 
when used in the ET equipment? 

A. At 68 pounds. 
''~ Q. Explain its operation. 

A. The adjustment of the valve ia effected by screw- 
ing down the regulating nut 7 until the adjusting spring 
has sufficient tension to hold valve 4, against the pressure 
it ia desired to retain, after which the cap nut 3 is screwed 
on firmly in place. When the air preaaure acting upward 



ET LocoMOTiTE Bra^^ Equipment S51 

on valve 4 ia greater thaa the adjuating spring can re- 
Bist, this valve will lift from its seat, exposing a slightly 
greater area to the pressure below, which causes it to move 
promptly tlie whole length of its travel, or until the stem 
strikes the cap nut, and allow the surplus air to escape through 
the two bottom ports in the body 3. 

Q. What is the object of the by-paaa port that leads 
np into the chamber in the body 2 above valve 4? 

A. When valve 4 lifts to relieve pressure it travels far 
enough to cover the upper end of the by-pass port, thus pre- 
venting air in any considerable quantity from passing into 
the chamber above. When it commences to lower, it grad- 
ually opens this port, and closes the lower porta to the atmos-; 
phere, allowing air to pass into the upper chamber, where 
it will then form a pressure above valve 4 and cause it to 
seat promptly. There are two relief ports in the chamber to 
allow the air remaining therein to escape after valve 4 closes; 
while valve 4 uncovers the upper end of this by-pass port 
the two relief ports can not allow the air to escape so fast 
but that pressure will be formed in the upper chamber in 
the valve body. 

FEED VALVES. 

THE B-6 FEED VALVE. 

Q. What ifl Fig. 93? 

A. It ia a photographic view of the exterior of the feed 
valve, used with the ET equipment, to regulate the pressure 
in the brake-pipe when the handle of the automatic brake 
valve is in running or in holding position. 

Q. How does this feed valve differ from the sUde valve 
feed valve used witii the G-6 brake valve? 

A. Its operation is the same except that, by the use of 
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the adjBBting wheel it can be adjusted for the presBore desired. 
It is also difEerent in detail, having a larger regulating valve 
a supply valve with a port in it, and a different supply valve 
piston. For description of its operation see Q-6 Feed Valve. 

Q. What advanta^ does this adjusting feature give 
over that of the older feed valve? 

A. It makes it possible to dispense with one of the two 



Fig. 93. — B^ Peed Valvo. 

feed valves now used with the high-speed and the double- 
pressure control brakes, also the reversing cock bracket. 

Q. How is the adjustmeni of the B-6 feed valve 
efTected? 

A. By turning the adjusting handle in one direction nntil 
the pin on it strikes the lower stop the valve will maintain 70 
pounds brake-pipe pressure and by turning it in the other di- 
rection until the pin strikes the upper stop, it will niaintaia 
110 pounds brake pipe pressure. 
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Q. If ai^ other pnMurM than the above are denred, 
what mtigt be done? 

A. Hie poflitions of the stops muat be changed. 

THE 0-6 B£DCCINO VALTE. 

Q, What kind of a reducing valve is used with the 
ET equipment? 

A. It is known as the G-6 and is practically the same as 
the B-6, except that it does not have the adjusting wheel of 
the former. For a description of its operation see G'Q Feed 
Valve. 

Q. At what preanire is it adjosted? 

A. At 45 pounds. 

Q. To what does this pressTtre rednoing valve supply 
air? 

A. It supplies both the independent brake and the train 
air signaL 

THE PTTUP GOVERNOE. 

Q. What pomp governor mnst he used with the ET 



A, The SF-4 pump governor. 

Q. To what is the upper part of the excess-pressure 
head connected? 

A. The feed-valve pipe. 

Q. What pressure is alrays in the exceBS-pressnre 
head and the feed-valve pipe connection? 

A. Maximum brake-pipe pressure. 

Q. To what pressure is the mazlmnm-pressnre head 
connected? 

A. To the main-reservoir pressure direct i,ioo>;lc 
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Q. Explain the operation of the gorttnor in tiilB eqtdp- 

ment. 
A. The connection marked A B V, Fig. 43, has main-reaer- 

voir air flowing through it into the excess-pressure top under 
the air diaphragm 28, when the handle of the automatic brake 
valve ia in release, running, or holding position; and the 
connection marked F V P has air at maximum brake-pipe 
pressure flowing through it to the spring case above the air 
diaphragm regardless of the position of the brake-valve han- 
dle. Assuming that the tension on the excess-pressure spring 
27 is such that it requires an excess pressure of 20 pounds 
beneath the diaphragm to raise it against the air pressure 
bearing down upon it from above, the main-reservoir pres- 
sure must be 2D pounds in excess of that in the feed-valve 
pipe before the diaphragm can be lifted and the pump 
stopped. 

If tlie handle of the automatic brake valve is moved to 
service-application position, the communication between the 
main reservoir and chamber d of excess pressure top is cut 
off BO that the pressure above the diaphragm will hold it down 
with the pin valve on its seat ; this head cannot then control 
the pump. The pump will now work until the main-reservoir 
pressure reaches that for which the maximum-pressure head 
at the right is adjusted, say 130 pounds, when this head will 
operate in the usual manner and s'op the pump, 

^Tien the handle is moved to release, running or holding 
position, main-reservoir air may again flow to the ezcess-prea- 
Bure bead to chamber d under the diaphragm. WTien the 
brake-pipe pressure is restored to the maximum for which 
the feed valve is adjusted, and the handle of the brake valve 
is either in running or in holding position, the pump can 
Tvork until the main reservoir has accumulated the proper 
excess, when the exceaa-preasure head will operate and stop 
the pump: 
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- Q. In th« piping diaphragm, Fig. 71, there is shown, 
placed in the main-reservoir pipe, a cnt-oat cock. At what 
point with relation to this cock is the maxiinani-pressare 
head connected to the main reservoir? 

A. It is connected between this cut^ont cock and the 
main reservoir. 

Q. Why is it so located? 

A. So that in case jt is necessary to close the cut-out cock 
to make repairs to any other part of the eqiiipment, the 
maximum pressure top can still control the pump, and pre- 
vent it from pumping up an excessively high main-reservoir 



Q. What happens when this cat-oat cock is closed? 

A. A port is BO arranged that the air in the main-res- 
ervoir pipe and brake-pipe is vented to the atmosphere, re- 
sulting in an application of the brake. If the engineer fails 
to open the cock the brakes will not release and the train 
cannot be started. 

DEFECTS OF "ET" EQUIPMENT. 

Q. U the application cylinder pipe should leak at any 
of its connections between the distribating vaive and the 
independent brake valve, what would be the effect? 

A. It would cause the brakes to leak off both in automatic 
service and in independent brake applications. 

Q. If the pipe connection between the independent and 
the aatomatic brake valves should leak, what wonld be 
the effect? 

A. The brake would leak of! when the automatic brake- 
valve handle was in holding position, but not at other times. 

Q. Suppose the distributing-valve release pipe should 
leak at any of its connections between the distributing 



866 Aib-Bbaee Caieohibu 

valve and the bidependent brake Talve, what wonld b* 
the effect? 

A. When an independent brake application was made and 
the handle of the independent brake valve waa lapped, thia 
leak would permit the brakes to gradually release ; in the ■ 
automatic application it wonld make no difterence, but when 
a release of an automatic application of the train brake was 
made it would gradually destroy the holding feature of the 
automatic brake valve. 

Q. If ttme Bhonld be a leak tbrong'h the rotaiy of the 
independent brake valve, what wonld be the effect? 

A. While both brakes are released and both brake valves 
are in running position, it will cause a slight blow at the 
emergency exhaust port of the automatic brake valve. When 
either the automatic or the independent brake is applied in 
partial service, it will cause a building up of pressure in the 
application cylinder to tlie maximum adjustment of the pres- 
sure reducing valve, and hence cause the brakes to apply with 
full independent pressure. It will also cause a building up 
of pressure in the application cylinder, while the handle of 
the antomatic brake valve is in release or in holding positions. 

Q, If the main-reservoir connection to the distribnting 
valve should leak, what would be the ^eot? 

A. It would make no difference with the operation of the 
distributing valve, but it would make the pump work harder 
to supply the leak. 

Q. If the application valve 6 should leak, what would 
be the effect, and how could the leak be detected? 

A. It would increase brake-cylinder pressure above that 
in the application cylinder, and force the application piston 
and application valve back far enough to allow tiie surplus 
air to escape at the brake-cylinder exhaust port. The leaky 
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valve wonld be detected by the escape of brake-cylinder air 
at the exhaust port during a brake application. 

Q. Would this be trne if there were leakage in the 
brake cylinders at the same time? 

A. That would depend on whether the leakage from the. 
brake cylinders was greater or less than that through the 
application valve. If greater, there would be no escape of air 
at the brake-cylinder exhaust port; if less, there would be. 

Q. If the application-piston graduating spring 20 (Fig. 
81) should break, what would be the effect? 

A. The application piston and valve would be less semi' 
tive in graduating. 

Q. If the exhaust valve 16 should leak how could it be 
known? 

A. Ey a blow from the brake-cylinder exhaust port while 
tlie brakes are applied. 

Q. How would a leaky packing leather and packing 
ring in the application piston affect the operation of the 
distributing valve in brake applications? 

A. It would tend to reduce the efficiency of the valve 
in maintaining any cylinder leakage. 

Q. If equalizing slide valve 31 should le^ what effect 
would it lovdace? 

A. When brakes are released and both brake valves are ip 
running position, there would be a alight blow at the emer- 
gency exhaust port of the automatic brake valve. If the in- 
dependent brake were applied there would be an increase in 
application-chamber pressure which would cause the brakes 
to go on harder. If the automatic brake is applied in partial 
service, then application-cylinder pressure would increase and 
the brakes go on harder to the limit of full equalization, if 
ordinary pressure is used; or if high-speed pressure ie used, 
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until the safety valve would open and relieTe the application- 
cylinder. 

Q- Suppose the engine having the leal^ eqnalizingf 
slide valve were second in a doable-header, what might 
happen then? 

A. The brakes might entirely release, if the application 
were a partial service. 

Q. Suppose the graduating valve 28 should leak, what 
would be the effect? 

A, In release position no effect would be obaerred. In 
partial service application, the effect would be practically the 
same as stated would occur with a leaky slide valve 31. 

PRINCIPAL DIFFERENCES BETWEEN THE No. 5 
AND No. 6 ET EQUIPMENTS. 

Piping. In the No. 5 Equipment, the double-heading cock 
ia a double cut-out cock, one passage for the brake-pipe, and 
the other for the double-heading pijie, the latter taking the 
place of the distributing-valve release pipe in the No. 6 equip- 
ment. The double-heading pipe does not connect with the 
Independent Brake Valve. The plug in the double cut-out 
cock ia arranged so that when the brake-pipe passage is open. 
the double -heading-pipe passage is closed, and vice versa. 
Consequently tlie double-heading pipe is only used when the 
engine is second in double heading, or a helper. 

The dead-engine by-pasa connection was not furnished with 
the No. 5 equipment unless specially ordered, so that in many 
caar ' be found in that equipment 

ter air gage was furnished witli the N'o, 5 
ice of the No. Z duplex gage, its connection 
Lke-cylinder pipe oidy. 

The only difference in manipulation be- 
equipments is in double heading; with the 
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No. 5 equipment, the double cut-out cock is turned to close 
the brake-pipe, and the handle of the automatic brake valve 
placed on lap on all engines except the one from which the 
brakes are being operated. In all cases of application and 
release of tlie brakes, the manipulation is exactly the same. 

Auwmatic Brake Valve. The H-5 automatic brake-valve 
used with tlie No. 5 equipment differs from the H-6 Valve 
in the arrangemeiit of ports in rotary valve and seat; in an 
emergency application, the equilizing reservoir is connec**d 
vith the application chamber of the distributing valve, there- 
by increasing the volume of the latter and it's pressure of 
equalization with ttie pressure chamber to obtain the in- 
creased emergency brake-cylinder pressure; but the increase 
obtained by this arrangement is only about 20 per cent, in- 
stead of 30 per cent, as obtained with tlie No. 6 equipment. 

In the H-5 brake-valve, main-reservoir pressure does not 
feed into the application cylinder of the distributing valve; 
in the No, 5 equipment, this feeding occurs in the distribu- 
ting valve itself. 

In the H-5 brake-valve, the warning port blows main-reser- 
voir air to the atmosphere instead of feed-valvo-pipe air. Also 
when the handle is on. lap, the double-heading pipe connection 
is connected to tlie atmosphere. 

Independent Brake Valve. The SF Independent Brake 
Valve, used with the No. 5 equipment, has only three pipe 
connections, and is quitfl different in arrangement of ports 
and details from the S-6 valve just described. Its manipula- 
tion, however, is just the same. 

Distributing Valve. The No. 5 distributing valve differs 
from the No. 6 in many ways. The application cylinder and 
application chamber are always directly connected, wit*">ut 
regard to the position of the equalizing slide valve; a port 
connects main-reservoir pressure with the equalizing slide- 
valve seat, which, in emergency applications, feeds main-rea- 
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ervoir air into the application chamber; the Bftfetj Talve ia 
8et for 53 pounds, instead of 68; port m, (Fig. 86) does 
not exist, there being no provision in the No. 5 diBtiibuting 
valve for the application of the quick-action cylinder cap; 
connections II and IV, (Fig, 86) are reverBed in the No. 
5 distributing yalve; the main-reservoir and brake-pipe con- 
nections are for smaller sized pipe ; the arrangement of ports 
in equalizing slide valve and seat are different; the supply 
valve 18 of slightly different construction ; there is no gradua- 
ting sleeve and spring in the equalizing piston ; there is no 
drain cock {No. 38, Fig. 86), a small pipe plug being used in- 
stead; the arrangement of porta in the end of the double- 
chamber reservoir are different, so that a No. 6 distributing 
valve cannot be used on a No. 5 reservoir, and vice versa. 
But it responds to brake-pipe reductions in quite the same 
manner, so that, outside of the higher emergency brake-cylin- 
der pressure with the later equipment, an engineer could not 
tell from the cab which distributing valve was installed. 
All other parts of the two equipments are practically the 
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CHAPTER VIII. 
AIR-SIGNAL SYSTEM. 

The signal equipment described in this chapter refers to the 
engine equipment used with the old-style Westioghouse apr 
paratua. 

The arrangement on the cars has not been changed, while 
that in the new schedule ET Westinghouse equipment has 
-been modified slightly. This modification is explained more 
in detail in the chapter covering the ET equipment. 

Q. What form of lagnal was nsed before tlie com- 
pressed-air signaling apparatus was invented? 

A. The old bell rope and gong signal, such as is now used 
on freight trains. 

Q. Do all roads use the air signal in passenger service? 

A. Not all, but most roads do. 

Q. What parts of the signaling apparatus are found on 
the engine? 

A. The strainer, the reducing valve (Fig, 99), the whis- 
tle valve {Fig. 98), the whistle (Fig. 100), and the pipe 
connections as shown in Fig. 94. 

Q. What parts are found on the car? 

A. The discharge valve (Fig, 97), the signal cord run- 
ning the length of the car, and the signal-pipe connections 
aa shown in Fig. 95. 

Q. Where is the discharge valve (Fig, 97) usnally 
located? 

A. Aa shown in Pig. 96, although it is sometimes found 
inside the car over the door. 
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Q. Why is it better placed outside? 

A. When it is so placed the noise of the discharge will 
not affect nervous people. 

Q. How does the car discharge valve work? 

A. The signal cord is attached to the valve in the hole 
of 5 (Fig. 97) ; when the cord is pulled, valve 3 is forced 
from its seat, allowing signal-pipe pressure to ^cape to the 



atmosphere. 




Q. What is the trouble when there is a constant leak 
from the discharge valve? 

A. There is dirt on the seat of valve 3 (Fig. 97). 

Q. Where is the signal valve (Fig. 98) located? 

A. In the cab, where it will not be subjected to severe 
heat or cold. 

Q. Where are the reducing valves (Pig. 99) usaal^ 
placed? 
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A. It was formerly customary to locat* them outside, next 
to the main reservoir, but now good practice loeatea them 
inside the cab where tliey cannot freeze in winter. 

Q. What is the duty of these valves? 

A. To maintain a constant pressure in the whistle line. 

Q. Explain the action of the reducing valve (Figf. 99). 

A. Spring 13 controls the movement of piston 10 which. 



Pig. 95. — Location of Signal Appakahjb on Coach. 

in turn, forces check-valve 4 from its seat when the tension 
of the spring 10 is more powerful than the pressure down- 
ward on the piston. 

The tension of this spring is usually adjusted to with- 
stand a pressure of 40 pounds acting downward on the piston, 
hence when the pressure is leas than this amount the spring 
will raise the piston upward to the position shown in Fig. 
99. In this position air entering from the main reservoir 
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connection at A will pasB through the reatrict«d opening 
shown, past the unseated cheek valve 4 and on, as indicated 
by the arrows, and out to the signal pipe at B. As eoon 
as the pressure in chamber C and the signal pipe is greater 
than tlie tension of spring 13, the piston will be forced down- 
ward, allowing the main-reservoir pressure and the spring 6 
to force the check to its seat. This valve will not open again 
until by leakage or otherwise the pressure in the signal pipe 
has been reduced below 40 pounds. 

Q. Of what use is the pluff valve in the upper left-hand 
corner? 

A. To cut out main-reaervoir pressure in case we wish to 
take the reducer apart. 






Fig. 96. — Aib Strainer on Engine. 

Q. What is the ohject of the air strainer (Fig. 96). 

A. To keep any foreign matter from entering the re- 
ducing valve or signal system, where it may occasion an im- 
proper response of the signals. 

Q. Of what does this strainer consist? 

A, Of the body 8 (Fig. 96), perforated brass discs 3, and 
the space between these perforated plates is filled with curled 
hair. 

Q. Has this strainer ever been nsed to fnlflll an office 
other tlian as described above? d, :.jl,GooqIc 
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A. Yee; a tee is BometimeB inserted between the strainer 
and the reducing valve. A branch of the tee is then piped 
to the pump governor, and the strainer performs the double 
duty of keeping foreign matter both from the signal system 
and the pump governor. ^ 

Q. Is tmy material other than curled hair ever tued to 
flu in the space between the perforated plates 3 (Fig. 96) 7 

A. Yes; sponge has been used for this purpose, but the 
results obtained were not satisfactory. The hair seems to 
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collect the dirt better and it is much easier to clean, than 
the sponge, as it permits of a freer separation. 

Q. Where is the whistle (Fig. 100) located? 

A. In the cab, as near the engineer as convenient. 

Q. To what is it connected? 

A. To a pipe which leads from the signal valve as in- 
.icated (Fig. 98). 

Q. What is its nse? 

A. As the signal or whistle valve (Fig. 98) operates, the 
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air leaving thia valve escapes tlirough the whistle (Fig- 
100), The blast signals the engineer. 

Q. Where does the air come from that supplies the 
signal system? 

A. From the main reservoir on the engine. 

Q. Explain the passage of the air from the main 
reserroir through the signal system. 
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A. It first passes from the main reservoir (Fig. 94) 
vhrough the strainer and reducing valve. After leaving the 
reducing valve there ia a tee in the pipe, one branch of which 
leads to the signal valve (Fig. 98), and the other back into 
the train. Under each car (Fig. 95) there ia a strainer in a 
tee, and a branch of the whistle line goes to the discharge 
valve (Fig. 97). 



AiE Signal System 267 

Q. Explain the operation of the WMting^^oose signal 
valve (Fig. 98) in charging. 

A. After the air passes from the main reserToir and 
through the reducing valve, it is free to go back into the train 
and also enter the signal valve at Y. It then passes through 
the contracted port d into cavity A on top of the rubber dia- 
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phragm 12, and around through port c. The lower half of 
the stem 10 is three sided, so that the air can pass up to where 
the stem looks to be tight in the bushing 9. This joint ie not 
tight, but Bufficientiy so to allow the air to feed by into cham- 
ber B very slowly. The reducing valve is adjusted to forty 
pounds, and if we wait a short time the forty pounds will 
equalize on both sides of the diaphragm 13; that is, there 
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will be forty potinde ia each chamber A and B, as there is 
also throughout the signal pipe on the train. 

Q. What does the conductor do if he wishu to signal 
the engineer? 

A. He pulls the signal cord in ttie car. 

Q. What is effected by thiB? 

A. It makes a sudden reduction of signal-pipe pressure 
through the car discharge valve (Fig. 97), 

Q. What ia the effect on the Westins^^oase valve (Fig. 
98). 

A. This starts a reduction wave throughout the signal 



Fig. 100. — Sioitai. WHiflTLB. 

pipe, and in the signal valve it is first felt in chamber A. 
on top of diaphragm 13 (Fig, 98). The pressure in cham- 
ber B, being unable to equalize quickly with that in cham- 
ber A, on account of the anug fit of the stem 10 in bushing 
9, is now greater than the pressure in chamber A. The dia- 
phragm 12 and the stem 10 attached to it are lifted, uncover- 
ing tlie port in the bushing 7. The stem is lifted sufficiently 
to allow air from chamber B and the air coming through port 
c to pass out at e and through the pipe to the whistle 
(Fig. 100), causing a blast as long as the stem 10 is off ita 
seat. 
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The same wave reduction tijat started the signal valve into 
operation also opened the reflucing valve (Fig. 99) to allow 
main-reservoir pressure to supply the whistle line, 

A wave of increased pressure now takes the place of the 
reduction wave, and air passing into chamber A of the signal 
valve forces the diaphragm 13 down, causing the whistle to 
cease blowing. 

Q. How long most we wait before again tTji-ag to put 
the signal valve in operation? 

A. Until the pressures have had time to equalize in cham- 
bers .4 and B (Fig. 98). 

Q. How many seconds shonld we wait? 

A. Usually two at. least, and three is better. 

Q. Qive a mle by which we can poll the whistle signal 
cord in the car and gain the best results. 

A. When pulling the cord, make an exhaust of one second, 
and then wait three seconds to allow the whistle to cease 
blowing and the pressures to equalize throughout the signal 
system before making another reduction. 

Q. In pulling .the signal cord, what should alwajm be 
borne in mind? 

A. That it ia not the amount of reduction but the sud- 
denness that causes the whistle to blow. 

PEC0LIABITIE8 AND TROUBLES OF THE SIGNAL SYSTEM. 

Q. If no air gets into the signal pipe when an engine 
is coupled to a train, and we know that the cocks in the 
signal pipe stand properly and the hose are in order, what 
shonld we look at first? 

A. The plug cock in the reducing valve (Fig. 99) ; or, if 
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the weather is cold and the reducer is outeide, it may be 
frozen. 

Q. What else might cause this trouble with the reducer 
(Fig. 89)? 

A. It may be that the small taper port in the reducer 
(Fig. 99), where the main-reservoir pressure enters, is plugged 
shut or the strainer may be blocked, 

Q. What wiU close this port? 

A. Oil from the air end of the pump and the corroBion 
from the inside of the pipes. The small porta in the reduc- 
ing valve are also sometimes closed from this cause, 

Q. What is the trouble if the signal cord is polled in 
the car and no air issues from the car discharge valve? 

A. The cut-out cock (Fig. 95) in the saloon has very 
likely been closed. 

Q. Give conditions that would result in the air whistle 
not responding. 

A. A dirty strainer in the tee under the car where the 
branch pipe to the car discharge valve couples to the main 
signal pipe; the strainer in the car discharge valve, as used 
in the old equipment, being dirty; port d (Fig. 98) being 
stopped up; a too loose fit of stem 10 (Fig. 98) in bushing 9; 
a baggy diaphragm (Fig. 98), or a hole in it; the bowl of 
the whistle (Fig. 100) being closed with scouring material, 
or the bell of the whistle being improperly adjusted; a re- 
duction that took enough air from the signal-pipe but did 
not take it fast enough, or, as explained before, the reducer 
might be frozen. 

Q. Why would the whistle not respond if port d (Fig. 
98) were closed? 

A. No air could reach the whistle. 

Q. Why, with a loose fit to stem 10 (Fig. 98) in bush- 
ing 9, would the whistle not respond? 
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A, If the reduction were not made sufficiently quick with 
the car discharge valve, especially on a long train, the fric- 
tion of the air passing through the pipe would tend to de- 
crease the suddenness of the reduction, so that, when the 
wave reached the signal valve^ the reduction might he so 
weak that, if stem 10 were a loose fit in bushing 9, the air 
in chamhere A and B might equalize without raising dia- 
phragm 13 (Fig. 98). 

Q. Wh7 would a baggy or stretched diaphragm (Fig. 
98) cause the whistle not to respond? 

A, When the reduction is made in the signal pipe, a re- 
duction is made in chamber A of the signal valve, leaving 
the pressure in chamber B greater. If the diaphragm is 
bagged, the pressure in chamber B lifts the diaphragm, but 
the stem is not moved. 

Q. What causes this diaphragm to bag? 

A. The use of poor rubber, or oil from the pump work- 
ing through on the rubber, causing it to decay. A diaphragm 
is occasionally found with a hole rotted through it, allowing 
chambers A and B to be directly connected. 

Q. What may cause a whistle to respond only once 
when the conductor pulls the cord twice? 

A. He may have pulled the cord the second time before 
the whistle stopped blowing the first, thus getting one long 
blow, or he may have made the second discharge before the 
pressures in chambers A and B had become equalized. 

Q. What will happen if dirt gets on the seat of valve 
4 (Fig. 99)? 

A. The valves cannot close, and we will get main-reser- 
voir pressure in the signal-pipe. 

Q. What effect has this? 

A. The whistle is likely to blow, especially on a short train, 
vfhen the brakes are released; the air whistle on the engine 
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will screech when used; and the whistle may blow two or 
three times for one reduction at the car discharge valve; 
there will be a stronger exhaust from the car discharge valve 
than usual, and hose are more likely to burst. 

Q. Why is the whistle likely to blow when the brakes 
are released, if there is main-reservoir pressure on the 
whistle line? 

A. Because to release brakes the main-reservoir pres- 
sure is thrown into the brake-pipe. This makes the pres- 
sure in the main reservoir less than that in the signal' pipe, 
and, on account of the dirt oa the seat of the valve (Fig. 99), 
the signal-pipe pressure feeds back into the main reservoir, 
and the reduction thus made in the signal pipe causes the sir 
whistle to blow. 

Q. Why, with this trouble, is the whistle more likdy 
to sound on an engine alone than with a train, when the 
brakes are released? 

A, With an engine alone tliere is but a small volume 
of air on the signal line, and the signal-pipe pressure feed- 
ing back into the main reservoir would cause a more sudden 
reduction than if the signal pipe were longer and the vol- 
ume greater, as on a train. 

Q. Why will the air whistle on the engine screech 
when used? 

A. Because the bell is adjusted to be used with only a 
forty-poiind pressure instead of ninety or more. 

Q. Why is the whistle likely to blow two or three 
times with one reduction from the car discharge valve, if 
main-reservoir pressure is in the signal pipe and the stem 
10 is loose in bushing 9 (Fig. 98) of the signal valve? 

A. Because a reduction at the car discharge valve starts 
the signal valve in operation, and the reducer cannot feed 
air into the signal pipe properly to cause the signal valve 
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to close until tbe signal-pipe pressure is below forty pomidB. 
The tendency for the pressure to fluctuate in chambers A 
and B, due to the loose fit of the stem 10, causes the dia- 
phragm to bounce and the whistle to respond two or three 
times. 

Q. If an en^rineer ivishes to know how much presinre 
he has in his signal pipe, and he has no gage with which 
to tMt it, how can he determine it? 

A. Shut off the pump and open the bleed cock on the 
main reservoir, then get up in the cab and watch the red 
hand. When the whistle blows, the red hand represents a 
trifle less pressure than is being carried in the signal pipe. 

Q. Why does the whistle blow? 

A. Because, when the main-reservoir pressure is drained 
below the pressure in the signal pipe, the pressure feeds from 
the signal pipe back into the main reservoir, causing a re- 
duction of the signal-pipe pressure, and this usually causes 
the whistle to blow. 

Q. What is likely to make a whistle give one long 
blast? 

A. A tight fit in bushing 9 of stem 10 (Fig. 98). 

Q. What will cause a whistle to sing constEmtly? 

A. Dirt on the seat of stem 10 in bushing 7 (Fig. 98). 

Q- Why may jars cause a whistle to blow? 

A. Oil baking upon the diaphragm of the signal valve 
makes it rigid, and a jar will sometimes shake the stem from 
its seat. 

Q. What would we do with the reducer (Fig 89) to 
increase or decrease the pressure Jn the signal pipe? 

A. Screw up on the bottom nut to increase it, and down to 
decrease it. 

Digilizcdb, Google . 



BRAKING POWER AND LEVERAGE 

Q. Whftt is meant by brakiiig power? 

A. The force applied by the shoes against the wheels to 
Btop the motion of a car. 

Q. What is me&nt by the percentage braking power? 

A. The total brake-shoe pressure as compared to the light 
weight of the car. The percentage is found by dividing the 
total braking power by the light weight of a car. 

Q. How is the braking power determined? 

A. By assuming a definite aii pressure in the brake cyl- 
inder, and computing the total force developed against the 
wheels by the shoes due to this pressure acting against the 
brake cylinder piston. Formerly the maximum air pressure 
that could be obtained in the cylinder, was used as a basis 
of calculation ; but since, with ^O pounds in the brake-pipe, a 
plain triple valve obtains 50 pounds maximum cylinder pres- 
sure, a quick-action triple valve 60 pounds pressure, the ET 
equipment 65 pounds pressure, etc., it is now the custom to 
use 50 pounds cylinder pressure uniformly as a basis of 
calculation of braking power in all classes of equipment. All 
percentages given below are based on a 50-pound cylinder 
pressure. 

Q. What per cent of the light weight is used as brak- 
ing power on a Areight cdx asing 60 pounds cylinder>pres- 
snre as a basis of calculation? 

A. Sixty per cent or ais-tentha of the light weight of the 
car. D,g,ucjb, Google 
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Q- On a passenger car? 

A. Eighty per cent or eight-tenths of the light weight of 
the car, excepting with the rfew high-speed brake (type L 
triple valve and supplementary reservoir), when ninety per 
cent is used. 

Q. Can these percentagfes be used if the car has two 
gix-wheel trucks, and only two pairs of wheels on each 
truck are braked? 

A. No; the percentages given refer to a certain per cent 
of the total weight on the rails of the braked wheels. If only 
two pairs of wheels are braked on each truck, and the car rests 
equally on all sis pairs of wheels, it is clear that the weight 
of the car that is supported by the braked wheels is only four- 
sixths of the total weight of the car. Therefore in such a 
case, eighty per cent (or ninety) of four-sixths (or two- 
thirds), of the total light weight of the car should be used 
as the braking power. Or, which is the same thing, use 2/3 of 
the percentages; 53 1/3 per cent (or 60 per cent) of the to- 
tal light weight. 

Q. What per cent braking power is used in designing 
driver brakes? 

A. With the old standard equipments, seventy-five per 
cent or three-fourths of the weight on the drivers when the 
engine is ready for the road. With the No. 6 ET equipment, 
sixty per cent of the same weight is used. 

Q. What per cent braking power is used on engine 
truck or trailer-wheel brakes? 

A, With the old standard equipment sixty per cent; with 
the No. 6 ET equipment, forty-five per cent — of the weight 
of the engine in working order on them, in each case. 

Q. What per cent braking power is used on tenders? 

A. With old standard passenger tenders, or freight ten- 
ders equipped with quick-action triple valves, 85 per cent 
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of the light weight; with old standard freight tenders hav- 
ing plain triple valves, 100 per cent is used; with tendei-s 
equipped with No. (J ET Equipment, 80 per cent is used. 

Q. Why is a larger per cent braking; power used on 
tenders than on engines or freight cars? 

A. Because tenders are practically always loaded. 

Q. How were these percentages determined on as safe? 

A. By actual testa in the different kinds of service. 

Q. Wliat 1)rake-c7liQder pressure is used in Qgnring' 
the braking power with the diiTerent sizes of cylinders? 

A. Fifty pounds. 

Q. How do we calculate the force acting on the push 
rod due to the pressure in the cylinder acting on the 
piston? 

A. Multiply the diameter of the piston by itself; the 
product by the decimal .7854, and this last product by the 
air pressure in the brakp cylinder. 

Q. What force would act on the push rod of an 8-inch 
cylinder? 

A. 8 X 8 X -7854 X 50 = 2513, usually figured as 2500 



Q. Explain the difference in the percentage braking 
power of a frei^^t car light, and the same car when 
loaded to its full capacity. 

A. Sixty per cent of the light weight of a freight car is 
considered safe braking power. 

If the light weight of a freight car is 40,000 pounds, it is 
given 24,000 pounds braking power. If the capacity of the 
car is 100,000 pounds, when loaded to its full capacity the 
total weight of the car and contents is 40,003 + 100,000, or 
140,000 pounds, but we have only the brake-shoe pressure 
to stop the ear loaded that is used when it is light. 

In full service application we obtain fifty pounds pressure 
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in the brake cylinder. This gives sixty per cent braking power 
when the car is light, but when the car is loaded, the per- 
centage of braking power to the total weight of the car 
and contents is only seventeen per cent. 

In emergency, we get about sixty pounds pressure in the 
brake cylinder which amounts to seventy-two per cent braking 
power with a light car; but with the car loaded, when the 
brakes are set in emergency, the braking power is about twen- 
ty and one-half per cent of the total weight of fhis car, 

Q. How is the percentage brakinjf power of a pas- 
senger car affected by ita load? 

A, Not very much, because eighty per cent of the light 
weight of the car is used as braking power, and when loaded, 
the additional weight is seldom as much as 10,000 pounds. 



A ''' 



Q* What forces are usually fis:ttred as acting at the 
push rod with the different aised cylinders, the cylinder, 
pressure being figured at fifty pounds in service and sixty 
in emergency with the quick-action triple, and fifty 
pounds with the plain triple in either service or 
emergency? 

A. Service application: 
e in. 8 in. 10 in. 13 in. 14 in. 16 in. 18 in. 
1400 2500 4000 5600 7700 10,000 18,300 

Emergency application: 
1700 3000 4700 6800 9200 12,000 14,700 

By using the following cuts and formulse, the braking 
power on a car with any kind of leverage may be figured. 
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Tliere are three classes of levers: 

I. Whea the fulcram c (Figs. 101 and 102) ie between 
the force P and the weight \V. 

II. When the weight W (Figs. 103 and 104) is between 
the force F and the fulcrum c. 

III. When the force F (Figa. 105 and 106) is between 
the weight W and the fulcrum c. 

Figs. 101 and 102 represent a lever of the first class. 
Q. What brake^oe pressure W will result with a 
force F ~ 2500 pounds, b = 16 inches, a = 8 inches? 

F X fc 2500 X 16 
A. W = — ~ or W = g ot W = 5000 

pounds. 

The forces W and F act in the same direction on the levers, 
and the force at c acts on the lever in an opposite direction 
from both and must be equal to their sum, or 7500 pounds. 

Q. What is the distance a if F = 2600, b = 16 inches, 
and W = 5000? 
FXh 



W 



■ ; substituting values. 



Q. What is the force F, when W = 5000, a = 8 iuohes, 
and b = 16 Inohes? 

W X a 

A. F = — T — ; substituting valura. 



F = jg — or F = 3500 pounds. 

Q. How do we find b if W = 6000 pounds, F = 3500 
Qonnds, and a =: 8 inches? 
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IfXo 
A. b= =; — ; substituting values, 

SO0OX8 

Figs. 103 and 104 represent levers of the second class with 
the weight between the fulcrum c and the force F. 



FORMULA 




bJtt^ 



Fi«. 102. — Lei-eb of Ibt Kim. 

Assume that F = 2500 pounds, a = 8 inches, d ^ 16 
inches, and b ^ a + d, or Zi inches. 
Q. Wbat is W7 

FXk 
A. W = ; substituting values, 

2500 X 34 
W = g or IF = 7500 pounds. 

In this class of levera we see that the forces F and W act 
in opposite directions on the lever, and the force exerted at c 
will be equal to the difference between J** and W, or 5000 
pounds. 

We may compute values for a, F or 6, as was illustrated in 
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the first class of lerers, if we knov the values of the other 
three. 

Figs, 105 and 106 represent the third class of lever with 
the force F exerted between the weight W and the fulcrum* 
c. 

Assume that F ^ 3500 pounds, 6=8 inches, d = 16 
inches, a^h -\- d,Gi 34, 

Q. What is W? 

F X 6 
A. W = ; substituting values, 



3500 X 8 
TF = — ^ or W = 833 1/3 pounds. 



W 



. . LEVEB0F2H0fata> 

Pig. 103. 

W and F act in opposite directions on the lever in this case, 
and the force exerted at the fulcrum c will be equal to the 
difference between F and W, or, in this case, 1666 2/3 pounds. 

The other three formulee may be used to find the value of 
a, F OT b when the other three values are known, as already 
shown. 

Besides speiiking of levers as first, second, and thu-d cla^, 
they are known by their proportions as 1 to 1, 2 to 1, %y^ to 
1, etc., according to the amount the force F is raised or di- 
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minished, due to the class and proportions of the levers em- 
ployed. 

To find the proportion of a lever of the first class, divide 
the distance of the falcrum c to the force F by the distance 



FORMUUE. 




Fig, 106. — Leveb of 3bd Kind. 



283 Aib-Braee Cateouibm 

from the fulcrum c to the weight W; or, referring to Fig, 

101, it would be: 

6-h-(iorl6~8^3. This proportion of lever would be 
called a 2 to 1 lever. 

The force F is multiplied by 2 at W. 

Iq the second class, or Fig, 103, the proportion of the 
lever would be represented by : ft -v- a or 84 -:- 8 ^ 3, or a 3 
to 1 lever. 

In the third class, or Fig. 105, the proportion of the lever 
would be represented by: & -i- a or 8 -=- 24 ^ 1/3. or a 
1/3 to 1 lever, in which case the proportion and class of levers 
reduces the force 3 to 1 instead of increasing it. 

Having studied the classes of levers, we will now make a 
practical application of their use in figuring the proportion 
of the levers to be applied to a car of given weight. 

We wish to design a brake for a passenger car, the weight 
of which is 60,000 pounds, and use the Hodge system of 
levers as shown in Fig, 107. 

Eighty per cent, or eight-tenths of 60,000 pounds is 48,000 
pounds. 48,000 pounds will be the braking power to apply 
to the wheels of a passenger car weighing 60,000 pounds. . 

48,000 -^ 4 = 13,030, or the amount of braking power to- 
be developed at each brake beam. 

The length of the truck levers has to be determined from 
the truck construction. We will suppose the dimensions to 
be — long end, 28 inches; short end, 7 inches. 

The truck levers are of the second class and substituting 
the values in the formula (Fig. 104). 

^ y- <^ 1S,000 X 7 
F = ~ or F=~^ or F = 2400 

That is, to get a power W of 12,000 pounds against the 
brake beam, a force of 2,400 pounds is necessary at the top 
of the live truck lever. 
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Tlie forces F and W act on the live lever in opposite direc- 
tioas, 80 the force acting at fulcrum c will be 12,000 — 2400 
= 9j6O0. This power is transmitted to the bottom of the 
dead lever, which is of the same class as the lire lever; but 
the force F is applied at the bottom instead of the top of 
the lever. 

We have from Fig. 104: 



-or W = ■ 



24 



- or W = 12,000 



"So that, with a force of S,4^ pounds acting at the top 




HOOQE SYSTEM 



FiQ. 107. 



of the live lever of the dimensions given, a power W of 18,000 
pounds is developed at each truck brake beam. 

The dead truck lever need not be of the same length as the 
live lever, but the proportions between the holes must be the 
same in each. 

The force of 2,403 pounds that ac*a on tlie top of the live 
lever also acts at 2C, the end of the floating lever, and we must 
now determine what force must act on the rod that con- 
nects the end of the cylinder lever with the floating lever. 

This rod is connected at the middle of the floating lever. 
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and the power at this point mast be sufficient to develop a 
force of 8,400 poande at each end of the floating lever. 

The force exerted at the middle must be 3 X 3,400 or 
4,800 pounds, as half of this amount is given to each end of 
the floating lever. 

This 4,800 pounds acting at the center of the floating lever 
must alao act at the end of the cylinder lever, being connected 
directly with it. 

What we now wish to determine is, with any desired length 
over all, bow must the holes be spaced in the cylinder lever 
that the pressure acting on the push rod will produce a force 
of 4,800 pounds at the outer end of the cylinder lever. 

With any brake equipment except the new high-speed brake, 
a 12 -inch cylinder is recommended by the Westinghouse 
Company to be used with this weight of car. With a 50-poiuid 
cylinder pressure, the 12-inch cylinder gives a push at the 
piston rod of 5,600 pounds. We will suppose the distance 
between the outside holes of the cylinder lever to be 30 
inches. 

The following rule will enable us to locate the middle hole 
in the cylinder lever to which the tie rod is attached. 

Multiply the force acting at the pieton by the length of the 
lever between the outside holes, and divide the product by the 
sum of the forces acting at ioth ends of the cylinder lever. 
The result will be the distance from the middle hole of the 
cylinder lever to the hole to which the connection running to 
the floating lever is attached. 

Applying this rule to our problem we have 
5,600X30= 168,000 
6,600 4- 4,800«= 10,400 
168,000 -=- 10,400 = 16.16 
30 — 16.15 =13.85 

The distance between the holes at the short end is 13.85 
and the long end 16.15 inches, and, according to the rule, the 
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long end is connected to the connection running to the float- 
ing lever. 

The force exerted at the middle hole of the cylinder lever 
is also cammunicated to a bole similarly placed in the other 
cylinder lever, so, that, using the same levers, we will ohtain 
the same hraking power on the wheels of the other truck. 

Id figuring the levers for the Stevens system of leverage, 
tlie power desired at the top of the live lever is figured the 
same as just explained. 

When we know this force, we know that the same power 
has to exist at the outer end of the cylinder lever, as the 
Stevens system has no floating lever. 

This we figure hy the rule already given for spacing the 
holes in the cylinder levers. 

To figure the braking power of a car already equipped, we 
start with the force acting on the piston rod and work to- 
wards the truck levers by the aid of the formulae given. 

To use the formulje, first determine the class of lever with 
which we have to deal. 

The foregoing illustrations were practical applications of 
the formulte, in calculating the proportion of levers that 
would give a proper braking power on a car of known weight. 

We will now consider a shorter method of calculating 
the proportion of levers for a Hodge and for the Stevens 
systems of leverage for this same car. 

Kg. 107 {page 283) shows the Hodge system of levers. 
If this were a Stevens system, the floating lever would not 
be used, and the other end of the connection to the live lever 
of the truck would connect directly with the outer end of 
the cylinder lever. With the Stevens system the hand-brake 
connection runs from the brake mast direct to the top of the 
dead lever, 

(1.) To find the total braking power required: 

For any equipment except the new high-speed brake, sub- 
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tract 20 per cent, of tlie weight of the car on the wheels to 
be braked for passenger care, and 40 per cent, for freight 
ears. For passenger cars with the new high-speed brake, 
subtract 10 per cent. 

(2.) To find the total leverage required: 

Divide the total braking power required by the total pres- 
sure on the piston, 50-pound cylinder pressure taken as a 
basis of calculation. The total leverage should usually not 
exceed 9 to 1. 

(3.) To find the proportion of the brake-heam levers : 

Divide the entire length of the lever by the short end, if 
the truck has a itottom connection; if it has a middla con- 
nection, divide the long by the short end, 

(4.) To find the total brake-beam leverage: 

Multiply the proportion of the brake-beam levers by two, 
for the Hodge Bysteni, and by four for the Stevens system. 

(5.) To find the pi-oporUon of the cylinder lever: 

Multiply the whole length of the lever by the required total 
leverage and divide the product by the sum of the total 
brake-beam leverage plus the required total leverage. 

If the required total leverage is greater than the total 
brake-beam leverage, the long end of the lever must go next 
to the cylinder ; if less, the short end goes nest to the cylinder. 

The dead and live truck levers may be of different lengths, 
but must be of the same proportion to develop the same 
braking power, 

EXAMPLE. 

Hodge system of levers, as shown on page 283, also the 
lengths of the truck levers. 

Weight of car, 60,000 lbs. Old-^tyle standard brake equip- 
ment used. 

A 12-inch cylinder is used with this weight of car. 

A pressure of 5,G00 lbs. is developed on a 13-inch piston, 
using 53-pouDd cylinder pressure as a basis. 



Braking Fowes and Levebaqe 



287 



(1.) 60,000 lbs. less 20 per cent, is 48,000 lbs. 
(2.) 48,000 Ibs.*-^ 5,600 = 8.57, total leverage required. 
(3.) 35-i-7^5, brake-beam leverage, 
(4.) 5X2 = 10, the total brake-beam leverage. 
Assume the length of the outside holes of the cylinder 
lever to be 30 inches. 

(5.) (30 X 8-57) ~ (8.57 -|- 10) = 13.85 inches. 
33 — 13.85 = 16.15 inches. 



^3WC3 
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The. required leverage ia less than the total brake-beam 
leverage, heDce the short end of the cylinder lerer connects 
to the piston. 

Stevens system — same car. 

(1.) 60,000 lbs. less SD per cent, is 48,000 lbs. 

(S.) 48,000-^-5,600 = 8.57, total leverage reqaired. 

(3.) 35 -=-7 = 5, the brake-beam leverage. 

(4.) 5 X 4^20, the total brake-beam leverage. 

The cylinder lever is 30 inches between outside holes. 

(5.) (30 X 8.57) -=- (20 + 8.57) = 9 inches. 

3D — 9 = SI inches. 
The required leverage is less than the total brake-besm 
leverage, hence, according to the rule, the short end of the 
cylinder lever (9 inches) connects to the piston. 

Q. Oive a rale hj which the brakiiiff power on prac- 
tically any engine, tender or oar can be calculated. 

A. Multiply the force acting by the distance from the 
force to the fulcrum, and divide this product by the dist^ince 
from the work to the fulcrum; the result will be the work 
that can be accomplished. 
In this rule let F = force, 
W = work, 
a =^ distance from the point at which the 

force is applied fo the fulcrum, 
6 = distance from the fulcmm to the 
point at which the work is to be 
accomplished. 
Then we have the following formula which can be used: 



Q. What must be determined to use this rule intelli- 
gently? 

A. It must always first be determined which point on any 
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lever is the fulcrum. For instance, in considering the piston 
lever (Fig. 107) the fulcrum is the rod which connects the 
piston and cylinder levers when we wish to ascertain the 
amount of work that can be done at the outer end of the 
piston lever. If we wish to ascertain the amount of work 
that can be done on the rod connecting the piston and cylinder 
levers, the fulcrum would then be the outer pin in the pis- 
ton lever. 

To find the work accomplished on the brake shoes connected 
to the live truck levers (Fig. 107), the lower pin of the live 
lever is the fulcrum; but if we wish to know what work is 
done on tie bottom truck connection by a force acting on the 
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top of the live lever, the point at which the brake shoe is 
shown represents the fulcrum. 

What has been said on the subject of brake leverage in this 
chapter is all useful, and a thorough understanding of it 
will enable one to make many short cuts in leverage problems 
presented for consideration, but the last very simple rule will 
be found to be sufficient with which to calculate the braking 
power in practically any system of leverage. 
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Sizes or Cyunders to be Used on Cabb and Tendbes os 
THE Following Maximuu Light Weights, 
AS Recommended bv the Westing- 
house Aie-Beake Company. 







FASBENGEB CABS 




■ Cjimaer. 


Stand Brd EmilpmentB, 
Including Old Style 
Eigb-Bp^Bl Bt^e. 


New Style High-speed 


8" 
10" 
12" 




16,030 to 28,000 
28,003 to 44,000 
44,000 to 63,000 


16,000 to 25,000 
35,000 to 39,000 
39,000 to 56.000 


14" 
16" 

18" 




63,003 to 86,000 
86,000 to 113,000 
113,030 to 143,000 

freight CARS. 


56,000 to 77,000 
77,000 to 100,000 
100,000 to 127,000 


8" 32,030 to 37,000 
10" 37,000 to 58,000 






TBNDEBS. 










. 



Witt Q 

CylindBP. TripJe Valve. Triple Valve, B, T Eqaipment. 

8" 15,000 to 26,300 15,000 to 32,000 15,000 to 28,000 

10" 26,000 to 41,000 22,030 to 35,000 28,030 to 44,000 

12" 41,000 to 59,030 35,000 to 60,000 44,000 to 63,000 

14" 59,000 to 81,000 50,030 to 69.000 63,030 to 86,000 

16" 81,000 to 106,000 69,000 to 90,000 86,000 to 113,000 

Ameeican Bbake Leverage. 

Q. How do you find the braking power on an engine 
equipped with ^e American eqnshzed brake as shown in 
Fig. Ill, page 2897 

A. Multiply the cylinder value, or total push on the pis- 
ton, by the long lever arm, and divide this product by the 
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short lever arm. This result multiplied by 2 gives the total 
braking power. 

Q. With the long lever arm 25 inches long and the 
short arm 5, what hraking power would we have, using 
12-inch cylinders? 

A. 56,000 pounds. 
Thus: 

6,600 X 35 = 140,000 
140,030-^ 5=^ 28,000 
28,000 X 2 ^ 56,000 

Q. If any different design of rigging were used than 
that shown in the sketch, how could the hraking power 
be figured? 

A. First find the power exerted at the bottom of the 
rocker shaft and use this in connection with the cuts il- 
lustrating the different classes of levers. 

Q. What per cent of the total weight on drivers is 
used as braking power with driver bn^es? 

A. Seventy-five per cent of the engine's weight on the 
drivers when ready for the road, when the old standard 
equipment is used, and sixty per cent when the BT equip- 
ment is used. 

Q. What braking power should be used on an engine 
whose weight on drivers is 90,666 pounds, using the old 
standard brake equipment? 

A. 90,666 X -75 = 68,000 pounds. 

Q. What weight should be on the drivers for an engine 
to have 68,000 pounds braking power; using the old stand- 
ard brake equipment? 

A. 68,000 -=- .75 = 90,666 pounds. 

Q. How should the holes be spaced in levers A and D 
on an engine having two pairs of drivers, to give an equal 
braking power on each wheel? 
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A. The middle hole in A should be equidistant from the 
two outside ones. The bole in the lever at D should he bo as 
to have the conuection attached at k stand about parallel 
with the track. The eorreeponding hole k at the other end 
of the lever D muBt be placed the aame distance from the 
other end. 

Q. How should the holes be spaced in levers A, B and 
D, if on a mognl or engine having three pairs of drivers? 

A. The distance e, lever A, should be one-half the dis- 
tance f. The distance g. lever B should be equal to A. The 
hole K, lever D, should be the same as on an engine having 
two pairs of drivers. 

Q. How should the holes in the levers A, B, and D be, 
spaced on a consolidation ot engine with fonr pain of 
drivers? 

A. The distance > in lever A should be one-third of /. 
The distance g, lever B, should he one-half of A. The dis- 
tance t, lever C, should be equal to /. The hole h in lever 
D should be the same as with an engine having two or tiiree \ 
pairs of drirers, 

CAM BRAKE. 

The following simple rule to find the braking power de- 
veloped by a cam brake is given by Mr. H. A. Wahlert. 

Take two wires and place them between the brake shoe j 
and the wheel; one at the top and one at the bottom of the 
ahoe. Apply the brakes fully, and then measure the piston 
travel. Now release the brakes, recharge, remove the wires, 
and then apply fully again. Measure the piston travel again, 
and note how much more it has increased. Divide the addi- 
. tional travel had upon removing the wires by the thickness 
of the wire, and multiply this by the value of the cylinder. ' 
The result is the braking power on each brake shoe. 



Four timea this power is the total braking power developed 
OQ all four shoes. 

EXAMPLE. 

Thickness of wires, % inch. 

Piston travel, with wires inserted according to rule, 3 
inches. 

Piston travel, with wires removed, 31/2 inehea. 

Value of 8-inch cylinder, 3,600 pounds. 

3^ inches — 3 inches ^ y^ inch. 

^ inch -~ % iiich = 4. 

2,500 pounds X 4 ^ 10,000 pounds on each brake shoe, 

10,000 pounds X i = 40,000 pounds on ail four brake 
shoes. 

AIR HOSE. 

Q. What kinds of hose are used in the air brake and 
signal systems? 

A. Usually one-inch hose is used with signal equipment 
on cars in pa^enger, mail, and express service; while inch 
and three-eighths hose is used exclusively in freight service. 

Q. Is this a standard on all roads? 

A. No; some roads use the inch and three-eighth ho.w 
with the brake equipment in both freight and passenger ser- 
vice. 

Q. Would there be any objection to asing one-inch 
hose in freight service? 

A, The chief objection consists in the fact that the small 
hose presents a greater frictional resistance to the passage 
of air. This would be especially objectionable when it was 
desired to make a quick reduction to apply the brakes in quick 
action. 

Q. What ifl the object of having different hose 
couplings for the air and signal hose? 
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A. So that brakemen, when in a harry, cannot couple 
the brake aod signal hose together; some companies paint the 
signfel hose coupling red as a further aid when coupling hose. 

Q. How many oars of air are coupled up and operated? 

A. Some roads regularly couple aa high as 115 cars and 
operate the brakes with the air supplied by a nine and one- 
half inch pump. 

Q. Could this be done with a poor hose? 

A. No, since with poor hose there is often considerable 
leakage not discernible with the naked eye, 

Q. How may porous hose he detected? 

A. By coating the outside with soapsuds. 

Q. What is the usual life of air hose? 

A. Passenger, about two and one-half years; freight, 
about two years. 

Q. How is air hose bought? 

A. Some on account of cheapness, some by a time guar- 
antee, and others by specification, the roads being willing to 
assume the risk in the latter case if they know tiie hose to 
be first-elass when put in service, 

Q. What is the object of the markings shown on the 
hose (Fig. 112)7 

A. It is for the purpose of obtaining a record of the 
life of the hose. The one applying the hose should cut off 
the figure representing the month, in the line headed by the 
letter A, and the figure which shows the year. When the hosu 
is removed the year and month should also be shown by cut- 
ting off the proper numbers. 

The following specifications have been recommended by 
the Master Car Builders' Association. They have been in force 
for some time on the railroads throughout the country, and 
constitute a definite standard for interchange. 



AIR-BEAKE AND SIGKAL-HOBB SPECIFICATIONS ISSUED BT THE 
MASTER CAB BUILDER'S ASSOCIATION IN 1906, 



1. All air-brake hose must be soft and pliable, aad not less 
than two-ply nor more than four-ply. They must be made 
of rubber and cotton fabric, each of the best of its kind made 
for the purpose. No rubber substitutes or short-fibre cotton 
to be used. 
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FlO. 112. — StaNDASD XiABEL FOB AlB HoSE. 

2. The tube must be hand-made, composed of three cal- 
endars of rubber. It must be tree from holes and imper- 
fections, and in joining must be so firmly united to the cotton 
fabric that it can not be separated without breaking or split- 
ting the tube. The tube must be of such composition and 
so cured as to successfully meet the requirementa of the 
stretching test given below; the tube to be not less than 3/32 
inch thick at any point. 

3, The canvas or woven fabric used as wrapping for the 
hose to be made of long-fibre eottou, loosely woven, and to be 
from 38 to 40 inches wide, and to weigh not less than 33 and 
33 ounces per yard, respectively. The wrapping must be 
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frictioned on both sides, and must have, ia addition, a di&- 
tinct coating or layer of gam between each ply of wrapping. 
The canvas wrapping must be applied on the bias. Woven or 
braided covering should be so loose in texture that the mbber 
on either aide will be firmly united. 

4. The cover must be of the same quality of gum as the 
tube, and muat not be less than 1/16 inch thick, 

5. Hose is to be furnished in 22-ineh lengths. Variations 
exceeding ^ inch in length will not be permitted. Rubber 
caps not less than 1/16 inch nor more than % inch most 
be vulcanized on each end. 

6. The inside diameter of hose must not be less than 1% 
inches nor more than 1 7/16 inches, nor must the outside dia- 
meter exceed S% inches. Hose must be smooth and regular 
in size throughout its entire length, except at a point 214 
inches from either end, where the inside calendar of rubber 
may be increased I/I6 inch for the distance of ^ inch 
toward either end and then tapering to regular diameter. 

7. Each length of hose must have vulcanized to it a badge 
of white or red rubber as shown. On the top of the badge 
the name of the purchaser; on the bottom the maker's name; 
on the left-hand end the month and year of manufacture, 
and on the right-hand end the serial number and the let- 
ters "M. C. B. Std." These letters and figures must be clear 
and distinct, not less than 3/16 inch in height, and stand 
in relief not less than- 1/33 inch, so that they can be removed 
by cutting without endangering the cover. Each lot of 200 
or less must bear the manufacturer's serial number, com- 
mencing at (1) on the first of the year, and continuing 
consecutively until the end of the year. 

For each lot of 200, one extra hose mi^t be furnished free 
of cost. 

8. Test hose will be subject to the following testa: 



BUBSTINQ TEST. 

The hoae selected for test will have a section five (5) inches 
long cut from one end and the remaining seventeen (17) 
inches will then be subjected to a hydraulic pressure of 100 
pounds per square inch, under which pressure it must not ex- 
pand more than 14 inch nor develop any small leaks or de- 
fects. The section will then be subjected to a hydraulic pres- 
sure of 400 pounds per square inch for ten 
minutes, without bursting. 



FRICTION TEST. 

A section one (1) inch long will he taken 
from the five (5) inch piece previously cut 
off, and tjje quality determined by suspend- 
ing a 20-pound weight to the separated end, 
the force being applied radially, and the time 
of unwinding must not exceed eight (8) 
inches in ten minutes. 

STRETCHING TEST. 




Fro. 113. 



Another section one (1) inch long will be cut from the 
balance of the five (5) inch piece, and the rubber tube or lin- 
ing will be separated from the ply and cut at the lap. Marks 
two inches apart will be placed on this section, and then the 
section will be quickly stretched until the marks are eight 
(8) inches apart and immediately released. The section will 
then be re-marked as at first and stretched to eight (8) inches 
and will remain so stretched ten (10) minutes. It will then 
be released, and ten (10) minutes later the distance between 
the marks last applied will be measured. In no case must 
the test piece break or show a permanent elongation of mo- 
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than 14 i°*^ between the markB last applied. Small stripe 
taken from the cover or friction will be subjected to the same 
tests. 

9. If the test hose fails to meet the required tests, the lot 
from which it was taken may be rejected without further ex- 
amination and returned to the manufacturer who shall pay 
the freight charges in both directions. If the test hose is 
satisfactory the entire lot will be examined, and those com- 
plying with the specifications will be accepted. 



Digiiizcdt* Google 



CHAPTEB X. 

THE SWEENEY COMPRESSOR 

Q. Wh&t is the object of the Sweeney device? 

A. To recharge a main reserroir quickly in descending 
very heavy grades when the air pressure is low. 

Q. Explain the parts. 

A. It consists of a pipe running from the steam chest to 
the main reservoir. In the pipe there is a cut-out cock, a 
safety valve, and a non-return cheek. 

Q. How is it operated? 

A. By turning the cut-out cock and reversing the engine 
when steam is shut off. The main cylinders and pistons act 
as compressors, and compresaed air is forced into the steam 
chest and thence through the pipe connection to the main res- 
ervoir. 

Q- What is the objection to this derice? 

A. It is extremely handy in case of emergency, such as 
low pressure or the refusal of a pump to work. The objec- 
tion to it is, that smoke, gas, and heat forced into the main 
reservoir bum out gaskets and get the brake system very dirty. 

THE WATER BEAKE. 

Q. What is the Water or La Chatelier Brake? 

A, It is a brake by means of which the equivalent efEect 
of reversing an engine is produced; that is, the back pres- 
sure on the pistons a-^ts through the pine the same as when 
asing steam. 
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Q. Is water actaaUy used at the point where the work 
of retardation is accomplished? 

A, No, it is then in the form of wet steam, 

Q. Where does the water used come from? 

A.' It is taken from the boiler just above the crown sheet. 
The pressure from above being removed as soon as it leaves 
the boiler it flashes into wet steam. The compression to which 
it is subjected in the cylinders produces beat that also tends 
to change any water into steam. 

Q, Is the luhricator shut off when the water brake is 
in ose? 

A. No, it should be kept in operation the same as when 
using steam. 

Q. What special care should be taken when using' 
steam after the use of the wator brake has been dis- 
continued? 

A, To avoid throwing water out of the stack, steam should 
not be used until the water has had ample time to work out, 

Q. Can a water brake be nsed on Mther a simple or 
compound engine? 

A, Yes; Fig. 114 shows its application to a simple and 
Figs. 115 and 116 to a compound engine. 

■WATEH BRAKE ON SIMPLE ENGINE. 

Q. What part does the water play after it takes the 
form of wet steam? 

A, As the pistons move back and forth the wet steam in 
the exhaust cavities (Fig, 114) is drawn into the cylinders. 

Q. How does it escape from the cylinduv? 

A. Through the cylinder cocks. 

Q. If it were not for the wet steam being drawn into 
the cylinders when the engine is reversed, vrial9 udng 
the water brake, what would happen? 

A. Cinders and smoke would be drawn into the cylinden 
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and in a short time they would be cut and ruined. 

Q. How should an en^eer inrooeed to put the water 
brake in use? 

A. The cylinder cocks should first be opened and should 
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remain open as long as the water brake is in nse; the reverse 
lever should be moved back of the center the desired amount 
and the globe valve {Fig. 114) should be opened immediately. 

Q. When should the water brake be put in use? 

A. When the train is moving bIowIj. 

Q. At how fast a speed is it practical to operate a 
water brake? 

A. It is not generally used at speeds in excess of 14 to 
22 miles per hour. 

Q. How far should the reverse lever be moved back 
of the center? 

A. This depends upon the amount of work that is required. 
The farther back the lever Is moved the greater the power. 

Q. How much should the globe valve (Fig. 114) be 
open to obtain the right amount of steam in the cylin- 
ders? 

A. It should be adjusted until the steam issuing from 
the cylinder cocks is a dense white. 

Q. What will be the character of escaping steam at 
the cylinder cocks if too little water is being osed? 

A. It will be a light blue in color. 

Q. How can it be told if too much water is being 
used? 

A. Water will be thrown out of the stack. This is es- 
pecially noticeable if the lever is very near the center. 

Q. What is the purpose of the 1-32-inch hole drilled in 
the 1/2 X 3/8-inoh t»e, as indicated (Pig. 114) ? 

A. To permit any condensation to escape. 

Q. In erecting the piping what special care should be 
observed? 

A. Care should be exercised to locate the ^" x %" te» 
in the center to insure the same amount of water reaching 
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each cylinder; otherwise the tendency would be for one aide 
of the locomotive to furnish more retarding power than the 
other. 
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THE BALDWIN WATER BRAKE FOR BALDWIN COMPOUNDS. 

Q. Does what has been said in general concerning the 
water brake for a simple engine also refer to the Baldwin 
Wato: Brake? 

A. Yes, and with this as with the other, the holding power 
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is due to the engine being run reverBed, bat in full reyerse 
position, the water being used as herein explained. 

Q. Explain the cuts (Figs. 116 and 116) refnriiig to 
the water brake for compoTmds. 

A. Fig, 115 is a side view of the front end and Fig. 116 
is an end view. When water is permitted to enter pipe A 
(FigB. 115 and 116) it finally Teaches a a, where it enters 
the exhaust passages. D (Fig. 116) is a gate or back pres- 
gure valve, by meaos of which the engineer can regulate the 
amonnt of back pressure against which tiie pistons will oper- 
ate. B is a safety valve located in the live steamways to per- 
mit any bac6 pressure above a given amount to escape. 
(Figa. 115 and 116) are air inlet valves, which when neces- 
sary permit air to enter the cylinders and prevent smoke and 
cinders from being drawn in. B (Fig, 115) is a hinged lid 
used to close the exhaust nozzle. 

Q. How is the brake pat to work? 

A. The initial steps are the same as with the water brake 
on simple engines: open cylinder cocks, put reverse lever in 
extreme backward position, and open the water valve. The 
ezhatist nozzle lid B should also be closed, and the air inlet 
valves C be opened, 

Q. Trace the passage of the water or steam. 

A. As air enters the inlet valve G (Fig. 115) it raingles 
with the hot water and steam entering the exhaust cavities 
from a a. From here it passes by the piston valve G and 
enters the low pressure cylinder. When the movement of the 
piston in the low pressure cylinder is reversed this combina- 
tion of steam, water and air, excepting that which scapes at 
the cylinder cocks, is compressed while the other end of the 
cylinder ia being filled. The steam being compressed passes 
by piston Q and on, as indicated (Fig, 116), into the oppo- 
site end of the high-pressure cylinder H. On the return 
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stroke of the piston it is forced from the high-preesure cjiia.' 
der by the piston valve and on into the steam pipe J J, where 
what does not escape at the back pressure valve D accumu- 
latea. The safety valves E take care of any pressure in ezcesB 
of a safe amount. 

Q. How is the water brake operated on a two cylinder 
compound of the Schenectady type? 

A. Generally two water pipes are used on account of the 
vast difierenee in the sizes of the two cylinders, and the ex- 
haust valve between the receiver and the low pressure exhaust 
passage is left closed while using the water brake. Otherwise 
the water brake is used practically the same as on a simple 
engine. 

LUBRICANTS. 

Q. What lubricants should be tued in the different 
brake apparatus? 

A. Steam Cylinder of Pump — Valve Oil. 
Air Cylinder of Ptunp— Valve Oil. 
Brake Valve — High^rade Machine Oil. 
Triple Valve and High-speed Reducing Valve — ^High- 
grade Mineral Oil in the cylinder, and a very 
fine dry graphite on the slide valve. 
Brake Cylinder — A light grease that will not flow in 
Summer or become thick in Winter. 

AIE-BRAKE RECORDING GAGES. 

Q. What is an air-brake recording gftge? 

A. It is a meelianiam by means of which lines are traced 
upon a chart. An examination of these lines will tell exact- 
ly how the brakes have been manipulated by the engineer, 

Q. What causes the lines to be traced upon the chart? 
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A, The contriTanee has an arm containing a pen which 
" ia raised or lowered aa the pressure fluctuatea in tiie place 
to which the gage is piped. As the pen and chart move, a 
line is traced showing the variation of the presaure. 

Q. What causes the chart to move? 

A. It is connected with a clock movement, by the adjust- 
ment of which the movement of the chart is controlled. 

Q. To what else is the recording ga^ similar? 

A. To a steam indicator; but in that case steam instead 
of air causes the pen to rise or lower as the pressure changes, 
and the movement of the main ateam piston imparts a move- 
ment to the indicator drum upon which paper is fastened, 
and upon whidi a line is traced by a pen or pencil. 

Q. To what part of the air-brake system is the record- 
ing g&ge piped? 

A. It may be piped to the brake-pipe the auxiliary re- 
servoir, or the brake cylinder. On a passenger train, the gage 
is usually placed at the rear of the train, while on a freight 
train it is placed in the caboose. 

Q. Which of these places is preferred? 

A. The brake-pipe. So connected, the chart shows the 
fluctuation of pressure when the brakes are applied and re- 
leased, and the exact habits of the engineer are shown. 

Q. From the record made by a recording gage, what 
may be ascertained? 

A. The amount of brake-pipe presaure carried; the cor- 
rectness of the air gage ; the method employed by the engineer 
in the application and release of the brakes; the position of 
the brake-valve handle in releasing brakes and recharging the 
train; it is a valuable adjunct in finding the cause of air- 
brake wrecks or "failures"; shows if the air-brake instruction 
of the road is lived up to ; shows how long it takes to i-eeharge 
with the different main reservoirs and pumps on the different 
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engines; it is a valuable aid in discovering the cause of slid 
flat wheels; it increases the interest of the engineers in air- 



brake matters, as their record and skill are shown by the lines 
on the chart; besides these things, a great deal of kindred 
information may be gleaned by a careful study of the charts. 
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Q. At what speed does this chart usually move? 

A. From two and one-quarter to four and one-half inehea 
an hour, aa desired, any choice can be met by the manufac- 
turers. The speed can be adjusted by means of the clock. 

Q. Is there any advantage gained ^m a slow or fast 
movement of the paper? 

A, A alow movement condenses the record and does not re- 
quire 80 large a chart, while a fast movement uses a larger 
chart, but shows a greater corresponding amount of detail. 
If a slow movement is used, and the detail is desired at any 
particular point, such aa a water crane or milk depot, tlie speed 
of the paper may be adjusted as desired. 

In Fig. 117, the broken line shows the path the pen would 
trace if there waa a constant pressure of 70 pounds. No 
pressure is represented by the circumference of the small cir- 
cle. 

The figures at the top are a time reference and the figures 
up and down refer to the amount of pressure. 

The distance between the lines running up and down repre- 
sent the time element. The chart (Fig. 117) shows two 
records on the same run made by two difEerent men. A study 
of the two shows several points of interest. 

The best work shows on the card to the right; the card 
at the left shows that the feed valve w^ not adjusted properly 
for a 70 pound brake-pipe pressure, or else the gage was 
wrong; the card at the right shows three station stops where 
the engineer made more than a 20 pound brake-pipe reduction, 
while the card at the left sliowa the same thing at six sta- 
tions, and at almost every station the stop was made by two 
applications of the brake. The amount of reduction points 
very strongly to the use of the emergency. 
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CHAPTER XI. 

TRAIN INSPECTION 

Q. Why is train inspection necessary? 

A. To find and remedy, before trying to handle the train 
on a grade, any defects that would render its handling un- 
safe; part of the pistons may be out against the cylinder heads 
when the brakes are applied, the retaining valves may be poor, 
Borne brakes may not apply, ausiliaries may not charge, leaks 
may exist, the brakes may go into emergency when trying to 
make a service application, and many other defects may eiist. 

Q. Where should we beg:in to get a train ready? 

A. At the rear. 

Q. Is it wrong to start at the head end? 

A. It would not be were the cocks not opened between 
the tender and cars. If the cocks were opened, the air would 
blow through and out of a chance open cock, and a lose of 
time and air ri'-id result. 

Q. Commencing at the rear, what should be done first? 

A. The rear angle cock must be closed and the hose hung 
up. 

Q. What hum is there in allowing the hose to Angl 

A. It collects dirt and cinders, which are blown into tlic 
train and help to close strainers, and which work into the 
triples and cause them to wear faster. In winter, ice getting 
into the hose may block it. 

Q. What should we do as we go towards the engine? 

A. See that the retainer handles are turned down, hand 
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brakes released, hoBe coupled, and cocks turned bo that tlie 
cars are cut in. 

Q. How does the co<& in the cross-over pipe, connect- 
ing the brake pipe to the triple, osually stand when the 
car is out in? 

A, At right angles to the pipe. 

Q. How should the anglt oocks stands at the end of 
the car when cat in? 

A. Parallel with the pipe. 

Q. Do the ang-le coc^ and cut-out cocks always stand 
as just described? 

A. No ; sometimes in just the reverse positionfi. 

Q. Why is this? 

A. These are cocks nsed with very old equipment and 
may be readily recognized, as they differ in shape from those 
now employed. If in doubt, look at the crease in the top of 
the plug, which always stands parallel to the opening in the 
valTe. 

Q. What should we always do bef^e couplinjf the 
hose between the engine and cun? 

A. Blow out the brake-pipe on the engine to get rid of dirt 
and water. 

Q. After coupling the hose and turning the angle 
cocks, are we ready to look over the brakes? 

A. No, not until the pump has charged the train. 

Q. With a constant pressure of seventy pounds in the 
brake pipe, how long should it take to charge one 
' auxiliary reservoir from sero to seventy pounds with the 
modem equipment? 

A. About seventy seconds. 

Q. How long does it take to charge a train of twenty 
can? 

A. This depends on the condition of the pump and the 
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leaks in the train. If the capacity of the pump were sufBcient 
to keep a, constant brake-pipe pressure of seventy pounds, 
twenty care could be charged as quickly as one. This can- 
not be done, as twenty feed grooves usually take air from the 
brake-pipe faster than the pump will supply it. 

Q. Who should tell when it is time tot the test? 

A. The engineer. He should wait until full pressure iB 
obtained and then make a twenty-pound serrice reduction. 

Q. What should then be done? 

A. One brakeman should go over the train turning up the 
retainer handles, while the other examines piBton travel and 
looks for leaks. 

Q. What should the piston travel be? 

A. If no rule exists on your road in regard to this, a pis- 
ton travel between 5 and 8 iachea will be fonnd to give good 
satisfaction on ordinary grades. 

Q. What should be done after the retainer handles 
are i^used and the piston travel adjtuted? 

A. The engineer should be signaled to release, and then 
there should be a wait of fifteen or twenty seconds, to allow 
the brake-cylinder pressure to reduce to what the retainer 
holds. 

Q. What shonhl then be done? 

A. The man on deck should turn down the retainer han- 
dles. If a blow issues from the retainer when the handle is 
turned down, the retainer is working properly. A strict 
count of those working should be kept. The man on the 
ground should walk along and see that the brakes release when 
the retainer handles are turned down. 

Q> What should be done after the inspection is com- 
pleted? 

A. A report should be made to the engineer and conduct- 
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or, giving them a kuovledge of the piston travel, the num- 
ber of retainers in working order, the number of cars, the 
number of air cars in working order, and the tonnage and any 
general information concerning the condition of the train. 

Q- In testing, would it do for a brakflman to open the 
angle cock at the rear of the train to set the brakes? 

A. This is decidedly a poor practice; brakes that cannot 
be worked from an engine will aometimus work by opening 
an angle cOck. If a hose lining were loose, a brakeman might 
apply the brakes and an engineer release them all right, while 
in making the reduction from the engine, the brake-pipe re- 
duction going ahead might roll up the lining and close the 
hose. We want to know just how the brakes wiU work from 
the engine, 

Q. If there is a leak in the hose conplings, what shonld 
be done? 

A, Turn angle cocks, break the coupling, and, if the Beat 
is bad and there la no extra hose gasket, make the seats round, 
if tiiey are not so, and rccouple. If the leak still exists, break 
the coupling, put a small stick back of each lug, and close 
the couplings on them. 

Q. Why should paper never be used to make a joint? 

A. It works into strainers, often causing an auxiliary-re- 
servoir to charge slowly, and it may prohibit getting quick- 
action on this car. 

Q. When inspecting a train, if we find a brake that 
does not apply with the rest, what sbonld be done? 

A. See that the car is cut in properly, and try the drain 
cock to see that there is air in the auxiliary reservoir. If the 
auxiliary is charged, signal the engineer for a brake-pipe re- 
duction. 

Q. If the brake applies and then leaks off gradual^. 
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vithont anjr air coming out of th« triple tehaiut, what ii 
probably the faranble? 

A. The air is blowing by the pacMng leather in the brake 
cylinder. 

Q- How can a brake that doM not ^ply when the re- 
duction is made sometimes be made to work? 

A. By cutting it ofE from the car ahead and the one behind 
it and opening the angle cock. The cylinder may be dirty, and 
setting the brake in the emergency may loosen the dirt and 
cause it to work properly, 

Q. If the anxillary reservoir were f onnd to coatun no 
air when the drain cook was opened, what might be the 
trouble? 

A. The feed grooves might be corroded shut in the triple; 
the strainer where the cross-over pipe joins the main brake- 
pipe, or the one where the croM-over pipe joins the triple, 
may be filled with dirt and scale. 

Q- Is it good practice to ponr oil into a hose to make 
a brake work? 

A, Decidedly not; it may occasionally furnish temporary 
relief, but it will decay the rubber-seated valve in the triple 
and dampen the strainers, pipe, and triples so that dirt will 
adhere to them and render them sticky. 

Q. Is a small leak, one that the pnmp will easily orer- 
come, more easily managed in a long or a short train? 

A. In a long train. 

Q. Why? 

A. Because there is a much larger volume of air in a 
long brake-pipe, and the reduction causing the brakes to 
leak on harder after being applied will be much slower on 
a long than on a short train. Frequentlv a leak that could 
not be gotten along with in a train of three or four care, 
if cut in with twenty tight cars, would not be noticed. 
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Q. If a retainer were broken off and the pipe plugged, 
what would resnlt? 

A, After the engineer applied the brake, he could not re- 
lease it, aa the exhaust port would have been closed. ■ 

Q. Would it interfere with applying the brake? 

A. No. 

Q. If a brake sticks, what shonld be done? 

A. Look to see that no retainer handle Is up, that the hand 
brake is not set. and that no lever is caught. Then signal 
the engineer again to release. If he is unable to release it, 
cut the car out and bleed it. 

Q. Shonld a car be bled when cut ont? 

A. Always; a leakage of brake-pipe pressure between 'he 
cut-out cock and the triple might cause the brake to apply 
. after it was cut out, if any air were left in the auxiliary-reser- 
voir. 

Q. If the piston staTs oat on a oar after we hear the 
air escape from the triple ezhanst port, what is wrong? 

A. The release spring is probably weak or broken. 

Q. Is it necessary to cut snch a brake ont? 

A. No ; the jar of the wheels against the shoes will force 
the piston in. 

Q. If two hose couplings are frozen together, how 
shonld th^ be separated? 

A. The ice should be thawed, or the gaskets will be torn, 

Q. If a triple fails to work because it is frozen, what 
should be done? 

A. It should be thawed and the drain plug removed in the 
bottom of the triple, to remove the water and avoid a repeti- 
tion of the trouble. 

Q. What three things would cause the brakes to go 
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into emergency when making; a gradual bnike-pipe re- 
duction? 

A. A weak graduating spring, a Woken graduating pm, 
and, by far the moat likely, a sticky triple. 

Q. How would we find the triple causing the trouble? 

A. On a train of five or six cars we can watch to see which 
brake grabs first and cut the car out. On a train of over 
seven cars, the brakes do not usually apply with the first re- 
duction on the car causing the trouble, so, to find the faulty 
triple, have the engineer make a five-pound brake-pipe re- 
duction, find the car with the brake not set and cut it out. 
Then try again with aU cut in to be sure that the faulty 
triple has been found. 

Q. How would we find the faulty triple if the brakes 
went into quick action with the first reduction on a long 
train? 

A. Turn an angle cock in the middle of the train and 
see which half contains the trouble; continue in this manner 
until the trouble ia located in a five car lot; have the brakes 
applied and watch these five as already described, cut out the 
defective brake. 

Q. If the emergency hae been used, or we find a car 
cut out, and, when we cut it in, a strong heavy blow issues 
from the triple exhaust and at the same time the brake 
sets on the car and cannot be released, what is the 
trouble? 

A. The emergency piston is stuck down, holding the em- 
ergency valve from its seat. 

Q. How can we close it? 

A. Tap the triple lightly. If this does not work, turn 
the cut-out cock in cross-over pipe until the blow stops and 
then cut it in suddenly; the sudden fiow of air may close 
the valve. 
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Q. In tryinjf the brakes on a passenger train, how 
should the signal be given? 

A, From the head car to apply them and from the rear 
car to release them, to be sure that the whistle-hne cocka 
stand right throughout the train. On an excursion train 
the signal should he tested from every car in the train. 

Q. Explain a means b7 which poor brakes can be de- 
tected. 

A. By feeling of the wheels at the foot of a grade. 

Q. What will characterize the wheels on the cars hav- 
ing the poor brakes? 

A. They will be cold, or cooler at least, than the others. 

Q. What is this test called? 

A, The thermal test, 

Q. Would we expect to find the same .degree of heat 
in all the wheels? 

A. No; the heavier ears will have the greater braking 
power as compared with the lighter ones, and these cars would 
naturally have warmer wheels. This test, nevertlieless, is a 
very valuable aid in detecting poor brakes. 

Q. How would you account for it if a teat was made 
at the top of a grade and all the brakes applied, but eome 
of the wheels were found to be cold when making the 
thermal test at the foot of the grade? 

A. One of four chief causes ia generally responsible for 
this condition — low braking power, poor packing leathera, 
poor retainers, or triple feed grooves in a dirty condition. 

Q. What could dirty feed grooves have to do with 
the cool wheels if the auxiliary reservoirs charged i^ 
right and the brakes applied properly at the top of the 
grade? 

A; In the usual yard test air enough will leak by the 
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triple-piston packing ring and charge the auxiliary reser- 
voir so that the brakes will apply properly even if the feed 
groove is dirty. In descending a heavy grade there are but 
a few seconds in which to rccliarge between brake applica- 
tions; as a result the reservoirs on the ears are never ri'- 
eharged after the first application Hiat is made on the gradt. 
and the brakes on these cars are, as developed by the thermal 
test, practically useless, although they did pass the first 
test, 

TRAIN HANDLING. 

Q. What should we always do before coupling to a 
train? 

A. Start the pump and be sure that everything is work- 
ing properly. Do not wait to discover pump or engineer's 
valve defects when your train is in and ready to proceed. 

Q. How should an engines- handle the brake on hli 
engine in coupling to a train? 

A. In backing onto a train, especially an empty one, he 
should make two or three applications of hia driver and ten- 
der brakes, and leave his valve on lap when coupling to the 
train. 

Q. Why is this done? 

A. To couple to the train with reduced auxiliary pres- 

When the cocks between the engine and tender are turned, 
in coupling a train to an engine, the brakes are usually ap- 
plied on the engine and tender on account of tlie reduction 
caused by the air flowing back into the train. If the brake- 
pipe is long and empty, the main-reservoir pressure might flow 
back and equalize with that in the brake-pipe at so low a 
pressure that it might not be able to overcome the tank and 
driver auxiliary pressures so as to force these triples t6 te- 
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lease position. In this ease the two brakes would be stuck, 
and if more cars were to be picked up, we would have to wait 
to pump up, or get down and bleed these two brakes off. If 
we had backed onto the train with reduced auxiliary-reser- 
voir pressures on the engine and tender, we would not have 
met with tliis trouble, as the main-reservoir pres- 
sure could then have raised that in the brake-pipe sufficieutly 
to have released the brakes, 

Q. What should be done after getting onr cars placed 
in the train? 

A. We sltould wait until everything is fully charged. 

Q. How can we tell when the train is charged? 

A. The pump will nearly stop; or place the valve on lap, 
and if everything is charged the black hand will not fall. 

Q. What should then he done? 

A. A thorough test of piston travel, leaks, and retaining 
valves should be made before attempting to handle the train 
on grades. 

Q. How much reduction shonld be made? 

A. A gradual twenty-pound reduction. 

Q. Why is it necessary to make a test? 

A. A part of the pistons may be traveling against the 
cylinder heads, the travel may be too short, the retainers may 
not be good, or tliere may bo something wrong with a triple 
that would throw the whole train into emergency when the 
service application was desired, in which case freight might 
be shifted or broken, especially in a train partly equipped with 
air brakes. 

Q. In testing brakes, from what point should they 
always be applied and released? 

A. From the engine, 

Q. How could it happen that a brakeman coald tnm 
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an anffle cock at the rear of the train and apply th« 
brakes, and an en^eer conld release them, but that the 
engineer coald not set them from the engine? 

A. The lining of a hose might be loose, so that the en- 
gineer could throw air back into the train to release the 
brakes, but when a reduction was made, the air flowing in 
the opposite direction might roll the lining up and close the 
hose. 

Q. Is this a common oconrrenee? 

A. No, but it is by no means unheard of. 

Q- What else should always be tested? 

A. The brake-pipe, to see if it leaks, and how much. 

Q. How should this be done? 

A. By making a seven-pound reduction in service posi- 
tion and then placing the valve on lap. Watch the black 
hand, and the fall of it will show the leak in the brake-pipe. 

Q. Will not a leak in the brake pipe show if the valve 
is simply lapped without first applying the brakes? 

A. It will in time, but not nearly so quickly as by the 
other way. 

Q. Why not? 

A. If the valve is simply lapped, the brakes are not ap- 
plied, the triples are in release position, and the feed grooves 
connect the auxiliary-reservoirs and brake-pipe. If there is 
a leaJt in the brake-pipe witli the triples in release position, 
the air from the auxiliary-reservoirs will leak through the 
triple feed groovcB back into the brake-pipe, and not only the 
brake-pipe but the auxiliary-reservoir pressures will have f« !» 
reduced before the black hand on the gauge will register the 
leak. 

Q. Why is the other way quicker? 

A. If the brakes are first applied and the valve then placed 
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on lap, the feed grooves in the triples between the auxiliary- 
reservoirs and brake-pipe have been closed and the leak sim- 
ply has to reduce the brake-pipe pressure when the black hand 
will register the leak. With a large volume of air a given 
leak will reduce the pressure much more slowly tiian the 
same leak drawing air from a smaller volume. 

Q. Jost OB soon as a train tips ovn* the summit of a 
hiU, what should be done? 

A. A reduction of brake-pipe pressure should be made 
to be sure that no angle cocks have been turned and that tlie 
brakes take hold properly, also to get the use of the retainers 
as soon as possible. 

Q. How can we tell if the an^le cocks back of the tank 
are properly turned? 

A. By the sound of the brake-pipe exhaust. The more 
cars of air the greater the volume of air in the brake-pipe, 
and the longer the equalizing piston will have to stay up 
to make a given reduction, 

Q. What should be done if the brakes do not hold 
properly, or we know by the brake-pipe exhaust that an 
angle cock has been closed? 

A. Blow brakes before the train gets to moving fast. 

Q. How much reduction should be made for the first? 

A. Not less than five pounds, unless K triples are in use, 
and after we get over fifteen cars it is better to make a seven- 
pound reduction. Five pounds using K triple valves will 
apply all brakes on trains unless of exceptional length. 

Q> In a part air train, what would be the harm in 
starting with a ten-pound redaction? 

A. The brakes setting hard on the air-brake cars would 
cause the slack on the non-air cars to run up hard, causing 
a jar that would be likely to damage the car or the contents, 
to eay nothing of the effect on the crew in the caboose. 
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Q. Why is a light reduction, when not xuAag K type 
of triples, liable not to set the brakes, especially on a long 
train? 

A. Becausej with a large volume of brake-pipe pressure, 
reductions are made so sloAvly that there is a tendency for 
auxiliary-reservoir pressure to feed through the triple feed 
grooves into and equalize with that in the brake-pipe, in 
which case the triple pistons would not move; or, if they 
did, the air going from the auxiliary-reservoir into the brake 
cylinder very slowly would blow through the leakage grooves 
past the pistons and out to the atmosphere. 

Q. How mnch should be made for the second reduc- 
tion? 

A. This is governed largely by circumstances, but the best 
results with long trains will be gotten if no very light reduc- 
tions are made. If the reduction is being made on a long 
train and the packing rings of some of the triples are a 
little loose, there is a tendency on the part of the auxiliary- 
reservoir pressure, that should go to the brake cylinders, to 
leak back into the brake-pipe by the packing ring. 

Q. We continue our brake-pipe reductions until finally 
our brakes are fully set, that is, all the auxiliary reser- 
voir and brake-cylinder pressures have equalised. How 
much reduction is usually necessary to accomplish this, if 
the piston travel is not over 8 inches? 

A. About twenty pounds, if it is made with one reduc- 
tion ; but in handling a train on a grade, if we needed to get 
all we could, it would be permissible to make a twenty-five- 
pound reduction. With K triples 17 and 33 pounds reduc- 
tions are sufficient. 

Q. Give the reason for this last statement. 

A. In descending a grade, we may have gone one, two, 
or three miles, while we have been making a twenty- 
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pound reduction. Naturally, aome of the air put into the 
brake cylinders has escaped by the packing leathers to the 
atmosphere in going this distance, and making another brake- 
pipe reduction will let more auxiliary-reservoir pressure to 
the cylinders. Where the twenty-pound reduction was made 
with one reduction, the air had no time to leak away by the 
cylinder packing leathers, 

Q. Suppose we had already made a twenty-flve-ponnd 
reduction and the packing leathers in the brake cylinders 
were practically tight, if we continued taking air from 
the brake pipe, would the brakes be set any harder? 

A. No. 

Q. Would we lose any braking power? 

A. Yes. 

Q. How would we lose braking power? 

A. The brake is already fully set, that is, the auxiliary- 
reservoir and brake-cylinder |>reBsure8 are equal; with a fur- 
ther reduction of brake-pipe pressure, no more auxiliary-res- 
ervoir pressure can go to the cylinder; but just as soon as the 
auxiliary-reservoir pressure is enough greater than that in the 
brake-pipe to overcome the resistance of the graduating spring 
in the triple, the triple piston will be forced to emergency 
position, and we will have a direct connection between the 
auxiliary-reservoir and brake cylinder through the emergency 
port in the end of the slide valve. The brake-pipe pressure 
being less than that in the auxiliary-reservoir and cylinder, 
both these pressures will begin leaking by the packing ring 
of the triple piston into the brake-pipe. 

Q. Is there any other way in which we would lose 
braking power by too heavy a brake-pipe reduction? 

A. Yes; the brake-pipe check in the emergency part of 
the Westinghouae triple is seldom air-tight, owing to cor- 
rosion. When the brake-pipe pressure is less than that in 
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tlie brake cylinder, the brake-cylinder pressure forces the rub- 
ber-seated valve from ite seat and leaks by the brake-pipe 
check into the brake-pipe. 

Q. Is there usually any waming to let the engineer 
know he has made too heavy a reduction? 

A. Yes; especially on a long train, where there are more 
packing rings to leak. 

Q. What is it? 

A. Under these circumstances, a blow at the exhaust at 
the brake valve results, 

Q. What causes this exha^ist? 

A. The engineer reduced the equalizing-reservoir pressure 
in order to cause the equalizing piston to reduce the brake- 
■ pipe pressure. It closed the exhaust when the brake-pipe 
was a trifle less than the equalizing-reservoir pressure. When 
too heavy a brake-pipe reduction had been made, we saw that 
the auxiliary-reservoir and brake-cylinder pressures fed hack 
into the brake-pipe. The brake-pipe now being greater than 
the equalizing- reservoir pressure, the equalizing piston is 
moved from its seat, and the blow at the brake-pipe exhaust 
continues as long as air is feeding into the brake-pipe from the 
auxiliary-reservoirb and brake cylinders. 

Q. Does the equalizing piston always move and give 
this warning? 

A. No; if there is leakage by the equalizing piston, the 
air feeds by and equalizes the equalizing- reservoir and brake- 
pipe pressures, but the braking power is lost just the same. 

Q. Is the triple piston supposed to form a joint on the 
leather gasket between the triple head and the main hodj 
of the triple? 

A. Yes, when the gasket is new, but the gasket dries out 
so that the surface is not smooth. 
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Q. What placu should we pick out, if pouible, in 
which to rechar^? 

A. Where the grade lets up a little and on curves where a 
train binds. 

Q. To release brakes, where should the handle 4^ the 
engineer's valve he placed? 
A. In full release position. 
Q. How long sbonld it he left here? 

A. This is governed entirely by the length of the train. 
If, in descending a grade, both hands on the gage shows that 
the brake-pipe and main-reservoir pressures- equalize below 
seventy pounds, the valve should be left in this position until 
both hands start to go above seventy. If the pressures equalize 
about seventy pounds when the valve is thrown to full re- 
lease and stay there, the valve should be moved to running 
position as soon as the brakes are released, so as not to over- 
charge the auxiliary-reservoirs. 

Q. Why, on a long train, should the valve be left in 
full release position until both hands start above seventy 
pounds? 

A. A large port connects the main reservoir and brake- 
pipe in this position and a small one in running position, 
and we get the benefit of the excess pressure from the main 
reservoir in recharging; the pump works faster, and we can 
charge the train much more quickly, because the brake-pipe 
pressure being higher forces air into the auxiliaries faster. 

Brakes are likely to stick and wheels slide, especially on a 
long train, if we try to release brakes in running position. 

Q. Why does the pnmp work faster? 

A. Because there is less main-reservoir pressure for it to 
work against. 

Q. Why do the last three or four jknmds f^^more 



326 AlB-BaAKE CAIECIIXaM 

8I0WI7 into the brake pipe, if the valve U put in rmminf 
position? 

A. Because when, in running position, the brake-pipe pres- 
sure is almost up to tliat at which the feed valve is adjusted, 
the spring in the feed valve begins to be compressed and al- 
low the little regulating valve to partly close, in which case 
the pump wilt compress air faster than it can get through 
the feed valve. When the main reservoir is charged to ninety 
pounds, the pump practically stops, and this is likely to hap- 
pen before the auxiliary-reservoirs are fully recharged. 

Q. Why will some brakes stick in trying to release 
them in running: position? 

A. Because the brake-pipe pressure rising slowly may 
feed by some triple piston-packing rings, and allow auxiliary- 
reservoir pressure to keep equal with that in the brake-pipe. 

Q. Why may the wheels slide in this case? 

A. Because the brake on this car has been left fully set and 
the auxiliary-reservoir fully recharged. A five-pound reduc- 
tion will probably set this bralie in full with a pressure of 
sixty-five pounds, and this is more than is safe, especially 
with a light car. If a brake once sticks it is very likely 
to remain stuck, as the auxiliary-reservoir and brake-cylinder 
pressures equalize bo high that it requires a higher brake-pipe 
pressure to release this brake, and the brake-pipe pressure in- 
creasing slowly, gives the air a better chance to leak by the 
triple-piston packing ring. A brake acting this way may be 
all right if handled properly. 

Q. In descending a grade after getting the nse of the 
retainer and having everything recharged, why is a flve- 
ponnd rednction mncb more effectual than a five-ponnd 
redaction made without the nse of the retainer? 

A, Because in one case we are putting five pounds from 
the auxiliary reservoir into fifteen pounds in the cylinder, 
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and in the other we are putting five pounds from the auxiliary 
reaerroir into an empty cylinder, and a part of that put in 
blows through the leakage groove before Uie piston travels far 
enough to close it. 

Q. If a twenty-pound brake-pipe reduction will apply 
ft brake lia full without the use of the retftiner, how much 
reduction ought to set brakes in full after getting its use? 

A, Xot over fifteen pounds. 

Q. If all retainers are being used, is it necessary after 
charging up to make a five or seven pound for our first 
reduction? 

A. Yes, with old equipment, some of the retainers might 
have been out of order, so as not to hold any air in the cylin- 
der, and less than a five-pound reduction would not catch 
these brakes again. 

Q. What should an engineer do, if, when he is not 
using the brakes, he feels them applying so as perceptibly 
to diminish the speed of the train? 

A. He should place the handle of the engineer's valve 
on lap. 

Q. Why? 

A. Probably a hose has burst, or the conductor is using 
the conductor's valve. If the valve is not lapped, the main- 
reservoir pressure will be lost, and there will be no pressure 
with which to release tlie brakes and recharge the auxiliaries. 

Q. Which is less dangerous, a leak that will gradually 
slow a tndn up, or one that will simply keep the train 
running steadily? 

A. A leak that will slow a train up is much to be preferred. 

Q. Why? 

A. If the leak simply runs the train steadily and the 
engineer allows the pressure to gradually leak away because 
he seems to be making a nice, even run, he' would have a dif- 
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fleult time stopping the train if necessity demanded it, after 
the presBure had leaked down to fifty pounds. 

Q. Should an engineer tiy to make as oniform a nm 
with air as can be done with hand brakes? 

A. As a rule, no, although on some light grades a few re- 
tainers will run them smoothly. On heavy grades and long 
trains it is necessary to slow up to recharge. It will be 
found that a much more uniform run can be made with K 
triple valves, as lighter reductions result in a more positive 
response and a higher cylinder pressure is developed for a 
given reduction, hence it will not take bo long to rechai^e, 
and the speed can be maintained more uniform. 

Q. What ahonld always be don^ where possible, in 
making brake-pipe reductions? 

A. Watch the gage. 

Q. How do yon account for the fact that sometimes, 
after a seven-ponnd rednction of equalizing reserroir pres- 
sure is made and the valve lapped, the gage records only 
a flve-ponnd reduction when the brake-pipe exhaust 
closes? 

A. The equalizing piston has allowed brake-pipe pressnre 
to feed by it into the equalizing reservoir. 

Q. Is this more likely to happen on a long or a short 
train? 

A. On a long train. 

Q. Why? 

A. As there is a greater volume of air in the brake pipe 
of a long train, it takes longer to reduce the pressure, and the 
brake-pipe pressure has a longer time to leak in the manner 
described, 

Q. If a quick redaction is made in emergency with the 
engine alone, and the valve is then placed on lap, why is 
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the tank or driver brake likely to kick off, although they 
would stay set in service application? 

A. In emergency poBitioQ, air is drawn directly from the 
brake pipe without taking any from the equalizing reeerroir. 
When the valve is placed ou lap, the equalizing-reseryoir pres- 
Bure leaks by the packing ring of the equalizing piston, raises 
the brake-pipe pressure, and kicks oft one or both brakes. 

Q. Why will this happen on an engine and not on a 
train? 

A. The volume of air in the brake pipe of an engine 
alone is very small, and a slight leak into it is sufficient to 
raise the brake-pipe preaaure and release the brake. With 
a train, the brake-pipe volume is so large that the leakage 
into it from the equalizing reservoir ia not sufficient to affect 
the triples. 

Q. The release of the brakes on the engine alone, after 
the use of the emergency, is ascribed by some to the stirge 
of air. Is this the cause? 

A. No; a surge of air would release the brake almost in- 
stantly. The brake does not release sometimes until five or 
ten seconds have passed. 

Q. Why will this happen on one engine and not on an- 
other? 

A. This simply means that on one the triple piston-pack- 
ing rings are looser than that in the equalizing .pigton, and 
the brake-pipe pressure feeds by the triple piston and equal- 
izes with that in the auxiliaries. A variation in the fit of the 
equalizing-piston packing rings on the different engines would 
also account for this. 

Q. The above nsoally happens when stopping an en- 
gine at a water-crane or on a turntable. How are these 
stops best made with the air? 

A. One application is beat to use with an engine alcme. 
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If we find that we are stopping three or four feet short, 
open the throttle, and the engine can be helped along a short 
distance and a Binoother stop be made. 

Q. What happens every time you use the emergenc)^ 
on a turntable? 

A, You strike the table a blow which is the result of the 
weight and the speed of the engine, and then, if the turn- 
table breaks down, wonder why the company does not pro- 
vide a decent table. 

Q. In m&kingf a water-tank stop with a passenger train, 
how should it be done to avoid a jar to the train and pas- 
sengers? 

A. , The stop should be made with two applications of the 
brake, when using the old equipment, unless the grade is too 
steep and the pressure too low for safety. With the gradu- 
ated release triple the brake is set with a high pressure, and 
this pressure is graduated off as the stop is approached. It 
may be necessary to make another reduction ; if so, the re- 
sponse is quick as the shoes are already against the wheels, 
there is pressure in the cylinder and the L triple contains the 
quick-service feature. 

Q. How do we handle the valve to make the first re- 
lease so that the brakes will respond with the first reduc- 
tion when using old equipment? 

A, When the speed of the train has been reduced to that 
desired, throw the valve handle to full release and bring it 
back on lap immediately. 

Q. Why bring it back on lap? 

A. So as not to raise the brake-pipe pressure too high. 
The feed grooves in the triples are small, and have only 
three or four seconds in which to equalize the brake-pipe and 
auxiliary-reservoir pressures. If the valve is left in full 
release or running position, and the brake-pipe pressure gfita 
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to seventy pounds, and there is, say, only fifty-five poimda 
in the auxiliary reservoirs, the triple pistons will not move 
to service position until over a fifteen-pound reductioa of 
brake-pipe pressure has been made. By the time we have 
made this amount of reduction in service position we shall 
have gone by the water-crane, unless we use the emergencj-, and 
that is what is usually done if the engineer ia not up to date. 

Q. When should brakes be released on a passenger 
train? 

A. Just before the train stops. 

Q. What should be done on a grade just heavy enough 
so that the train will start with the brakes released or 
with a train of more than ten cars. 

A. Stop the same as at a water-crane. No jar will be 
felt with a light application. With the L triple valve the 
pressure may be graduated down to that just sufficient to 
cause the train to remain at rest. 

Q. How about a heavy grade? 

A. Our stop, if we do not have the graduated release 
feature, will then depend on the grade and our pressure. 
Safety should be of first importance, even if the stop is a 
trifie rough. 

Q. What makes the jar, if the brakes are not released 
before the train stops? 

A. With the brakes set hard, the trucks are distorted, 
and it is the struggle of the trucks to right themselves tliat 
causes the jar. 

Q. Can brakes be started releasing longer before 
stopping after a light or a hjavy reduction? 

A. After a heavy reduction, as there is more air in the 
cylinders to be gotten rid of, and the brakes release more 
eiowly, 
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Q. What i> meant by an application? 

A. It covers all the time from the momeDt the bri^ is 
applied until it is released; three or four reductions may be 
made during one application. 

Q. In makin; a stop with a fni^rht train, when should 
brakes be released? 

A. After the train cornea to a full stop, to avoid breaking 
the train in two if the slack runs out hard in releasing before 
stopping. 

Q. If we have stopped short with a freight train, and 
need to release before stopping to poll up farther, what 
should be done? 

A. We should wait for the slack to adjust Itself in the 
train before using steam. Even then the steam should be 
used very cautiously. 

Q. In rnnning passenger trains over cross-overs to get 
around freights, what oare should be taken? 

A. To do this, brakes have to be used when flagged, at 
the upper cross-over, lower cross-over, and usually at a 
Btation. We should charge up ae much as possible after 
each application. Do not follow the plan of releasing and 
patting the valve on lap in such a case to be sure the triples 
will respond quickly. They will respond quickly, but if the 
station stop is on a grade, you may not have air enough left 
to make it when you get there. 

Q. What is the nsnal caiise of trains running away? 

A, Making a great many reductions without occasionally 
charging up; or allowing the pressure to leak away, because 
the train is running steady, and then when we get ready to 
recharge, not having enough air left to slow up the train; 
by not stopping to recharge when air is gradually being lost 
and by maintaining too high a speed when the brakes are not 
holding well. 
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Q. Oil a fast passen^r run. bow may time be saved in 
nain^ tbe brake? 

A. By waiting longer before applying tlie brakes and then 
making a ten-pound reduction at the start. 

Q. Will this not Jar the passei^eTS? 

A. Not when going fast. Passenger trains are continu- 
ous, and there is very little slack to run up. A ten-pound 
reduction made with a train moving ten miles an hour would 
produce a very unpleasant sensation to passengers, where at 
forty miles an hour it would uot be noticed. This is explained 
under the subject Old-Style High-Speed Bkake. 

Q. Should brakes be tested in taking on cars? 

A. Yes, to be sure that the brakes on these cars work 
properly, and that the brakes back of them can be applied 
and released through them. . 

Q. When all retainers on a train are not necessary, 
how should they be used? 

A. At the head end if the grade is short; otherwise 
change them around and use them on every other car, so as 
not to overheat any wheels. 

Q. If the brakes are applied and the engineer wishes 
to release and drift two or three hundred feet before 
stopping, what should be done? 

A. Enough retainers should be left in operation to keep 
the slack bunched. This, of course, is not usually necessary, 
if the engine is equipped with an independent brake. 

Q. When should hand brakes be used? 

A. On the rear of a part air train when backing it into 
a aiding; if it stands on a knoU. to keep the slack from running 
back; to aid the air when the brakes arc not holding well, 

Q. Should hand brakes and air brakes be used together 
on the same car? 
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A. This ia a risky practice. If the two brakes work to- 
gether, we are very iikely to heat or elide wheels; if they 
work in oppositioD, tlieru ia danger of a brakeman being 
thrown from the car; and the hand brake being applied wUi 
take up the slack in the brake rigging, so that the piston 
cannot get by the leakage groove, 

Q. If band brakes be iised back of the air, if tbere are 
not enough air brakes to control the train, what is likely 
to happen? 

A. This is likely to produce a bad effect when the air 
brakes are released. If the retainers are poor and allow 
iiie slack to run out, the train may be broken in two. 

Q. If hand brakes are to be used with the air, where 
should they be applied? 

A. Next to the air. 

Q. Should driver brakes be cut in when descending a 
heavy grade? 

A. Always, or so much more work is thrown on the car 
brakes. The use of a water brake would, of course, be an 
exception to this rule. 

Q. If cut in all the time on heavy grades, would the 
tires not become overheated? 

A. In heavy grade work the piping is usually so arranged 
that a cock can be closed between the triple yalve and brake 
cylinder, or a pipe from the brake cylinder is run into the 
cab and fi. cock attached to same. In either case, the prope:' 
manipulation of these valves will prevent overheating of 
tires. 

Q. If on air-brake train should be stalled on a grade, 
should part of the train be left with air brakes to holt 
them until the engine comes baok? 

A. No; the air brakes should be released one at a time, 
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and the hand brakes applied. If left with the air holding 
them, the air might leak off and allow the train to run away. 

Q. When brakes are fully set, the long travel brakes 
are easiea* to release. They may be released and leave the 
short travel brakes applied. Is this good practice in hold- 
ing trains? 

A. K"o; it is very bad practice. A train may be broken 
in two in this way, 

Q. If brakes stick and will not release by placing the 
valve in full release, what should be done? 

A. Make a full service reduction and then, with a full 
excess pressure, throw to full release. If a release from the 
engine is possible, this will accomplish it. 

Q. The practice is sometimes followed of using hand 
brakes on some of the air cars to take the place of the re- 
taining valve. If this is done, how and when should the 
hand brakes be applied? 

A. They should be applied bo as to hold as nearly as 
possible what the retaining would accomplish when retaining 
the proper pressure. If the brakes work "together," and 
the hand brake is applied when a high cylinder pressure 
exists the wheels on cars where the hand brakes are used will 
be called upon to do too much work and undue heating will 
restilt. Do not use hand brakes in such a case if the brakes 
work "opposite." 

Q. What harm is thwe in pulling hose apart instead of 
uncoupling them? 

A. The couplings are likely to be sprung so that they 
cannot be coupled again, and the brake pipe is likely to be 
torn from the car or engine. 

Q. Does it do any harm to leim on the rotary handle 
when the brakes are applied? 

A. Yes; if the dovetail piece that fits into the rotary ' 
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tight on account of dirt and gum, the rotary may be cocked 
80 ae to -allow main-reservoir pressure to feed into the brake 
pipe under the rotary and release some of the brakes. 

Q. What is the troable, when there is a leak in the 
brake pipe, if the engine is alone, but coupled to tight 
cars, the leak does not show? 

A, The leak is in the angle cock at the rear of the tender. 
When coupled to a train, the leak is not noticed as the cock 
is open. With the engine alone the cock leaking allowB air 
to pass out of the hose to the atmosphere. 

Q. In doable heading, which engine should handle tite 
brsJces? 

A. The lead engine. 

Q. What should the second engineer do? 

A. Turn the cutnaut cock under his valve and under 
no circumstance, unless in case of accident or when told to, 
should he cut in and interfere with the work of the lead 
engine. 

Q. If the pusher engine has no out-out cock, what 
should be done? 

A, The valve should be placed on lap, 
Q. In this case, wh^ does the equalizing piston some- 
times rise? 

A. Because the lead engineer increases brake-pipe pres- 
sure to release the brakes, and the increased pressure forces 
the equalizing piston from its seat. 

Q. How may It be seated? 

A. By putting the handle in full release position long 
enough to charge the equalizing reservoir. 

Q. In case of emergency, when it is necessary for as 
to leave the engine, what should be done? 

A, Place the engineer's valve in emergency position and 
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leave it there. In our hurry, if we tried to lap the valve, 
we might get it into miming position and. release the brakes. 

Q. Why ooght we iLever to brins^ onr valve back ttom 
vauTgeney poaition too quickly? 

A. There might be two or three cars cut out, a couple 
of plain triples, a contracted passage, or a couple of cars 
that would not go into quick-action on account of dirty 
strainers. If these cars were together, they would not hdp 
to carry the quick-action back. Generally a quick-action 
triple will not send a quick reduction through five cars which- 
are cut out. In this case, if the engineer's valve had been 
lapped too quickly, the surge of air ahead from the rear end 
would release the head brakes, and all we would have would 
be a very light service reduction on the cars back of those 
cut out. If we leave the engineer's valve in emergency posi- 
tion long enough, we could at least get the full service ap- 
plication on these cars, and the emergency on those ahead 
of the cars cut out. 

Q. Should the engine be reversed when the driver 
bribes are applied, if we wish to stop quickly? 

A. No; the following test, made by Mr. Thomas, Assist- 
ant General Manager of the N., C. and St. L., clearly demon- 
strates that the air brake used alone is better than the brakes 
■with the reverse lever, or than the reverse lever alone. 

The result of these tests was published in the '95 Air- 
Brake Proceedings, and is given on pages 264 and 265. 

The conditions of the test were as follows: 

Driving brake power, seventy per cent.; tender, one hun- 
dred per cent.; N., C. & St. L. coaches, ninety per cent.; 
Pullman sleeper, forty to one hundred and one per cent. 

Boyer speed recorder was used and tests were made: first, 
brakes applied; second, engine reversed; third, sand lever 
opened. Track was level, in best possible condition, and all 
circumstances favorable. 
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From the record of testa the following valuable informa- 
tioa was derived:, ■ 

Firat. Beet stops are made with braking power not quite 
strong enough to skid wheels. 

Second. Length of stop is the same in reversing the engine 
whether cylinder cocks are open or closed. 

Third. The wheels did not lock rigidly when the engine 
waa reversed without the brakes being used. 

Fourth. The tests demonstrated that the brakes used alone 
are better than with the engine being reversed. The stop is 
quicker, and there are no Q&l spots obtained. 

Fifth. Enough sand is much better than too much. 

Sixth. Sand should be used before wheels start skidding, 
as its use will not start the wheels revolving when once 
skidding; it will simply increase the flat spots. 

Seventh. Sand being used on a straight track, the drivers 
did not lock when the engine was reversed, but on a curve 
they would. On a curve the engine rocks, and sand is not 
Bo likely to strike the rail. 

Eighth. In expected emergencies, the drivers did not lock 
when sand was used before brakes were applied and engine 
reversed, but it took so long to get the sand running first that, 
in the end, the stop waa not made as quickly as with un- 
expected emergencies where the engine was not reversed. 

Ninth The unexpected emergencies are the ones that bear 
the most weight, as expected emergencies are practically un- 
heard of. 

The table on page 339 will be of interest, as it showa how 
old and new air-brake trains can be stopped when fitted with 
air-brake trains can be stopped when fitted with the old and 
new Westinghouse quick-action freight brake. 

The train consisted of eighty Southern Pacific oil-tank 
cars. 

Digilizcdt^LiOOgle 
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COMPABISON OF THE NEW (TYPB K) WITH THE 
OLD (TYPE H) FREIGHT BjliKE EQUIP- 
MENTS IN ORDINARY SERVICE 
OPERATION ON SO-OAK TRAIN. 



BtBbe-plpe Triple 1 


5°lte 


H 


5 lbs 


K 


10 lbs 


H 


10 lbs 


K 


16 lbs 


H 


16 Ibi 


K 


20 lbs 


H 


20 lbs 


K 



ebtofSiopli 
«M.P.H. 


a ft. from ipeed 
SOK.P.H. 


8,375 


4.140 


^75 


1,700 


390 


1,890 


5S5 


1,090 


860 


1,525 


580 


1,040 


940 


1,785 


580 


1,060 



295 

230 

365 

215 

Note: The abovd results were obtained during the South- 
em Pacific Brake Testa at Baasett, Cal., in July, 1908, with an 
80-car train of empty oil-tank cars, having 10-inch freight 
equipment and an average standing piston travel of 6.78 
inches; brake-pipe pressure 80 pounds. Road bed practically 
level. 

The results are only comparative and must not be taken 
to cover all conditions. It will be noted that in some cases 
the stops are slightly longer for 20-pound reductions than for 
10 or 15-pound. This is due to the fact that in some cases 
the train came to a stop before the reduction was completed. 

PIPING. 
Q- Wliat Bhonld be done in preparing pipe for tue? 

A. After bending the pipe it should be blown out with 
eteam to get rid of scale and dirt. If there is no steam at 
hand, air should be used. Under no consideration should pipe 
be used without first being cleaned- All fins should be care- 
fully removed to prevent their working loose and clogging 
Btrainers. 



Aie-Beake Catechisu 





■•uHsmi 


l'= = 


?^=- = ' 




h 


Hi 


ijiii...... ii 




.■^^ 


E?:i?8 


2!P = = = * «.»«sa 




.S=5 


nu 


H Hi ? f=s»51 




-^•^s 


nn 


ss ■«!« J e=S!-5i 




■."H? 


IM« 


»S ««if E E=5»^ 




"■avHMOis 


<K«^« 


— "-- - 




a 
5 


|:.-: 


2 






its, Si 


• a a^ft a Mft8i4 


£ 

s 


1 




1 

1 
■*li - 


i 


lit Ifliii 

III |fil|t|||J 



Teain Handling 



d . . ^ d . li d . ... i! d :jd. 

r. • " S r. • fiw- .-- £» £»;. 






■ srd ? s S52 



5^f«565S«S«SSK8 



6«JSIS5S«B«15SKS 



S t * a S, S S S « SSi B S K55 



Hi- si i . 



= -■ I . ■-$■■ 



% % % % ~%~% % S, Si »fta 3, h S>8.R 



!ii| 






|i --■• = ■ ' 

59 ■ ■ ^ = ^ ■ ■ 



348 Aib-Bbake Catechish 

Q. What should be Qone to the pipe while it is bein; 
blown ont? 

A. It ahould be tapped lightly to loosen the scale. 

Q. What size pipe should be used in the different parts 
of the system? 

A. The sizes given in the air-brake catalogs are correct 
and sliould be strictly adhered to. 

Q. When using asphaltom or Japan varnish on pipe, 
how should it be applied? 

A. Always on the outside of the thread to be screwed in, 
as in this way it will not get inside the pipe. 

Q. In applying piping, what should be avoided? 

A. No sags should be allowed in which water might col- 
lect; where practicable, gentle bends should be substituted 
for elbows, and very short bends should be avoided. 

Q. Why are elbows or short bends undesirable? 

A. The friction caused by them retards the flow of air 
when a sudden reduction is desired in emergency. 

Q. Could pipe work be so crooked and elbows so 
numerous on an engine that a sufficiently quick reduction 
to cause emergency would not go through an engine? 

A. Yes; this has been found so on engines, but the 
trouble was remedied when the number of elbows and bends 
was reduced. 

Q. How should pipe work be secured? 

A. By clamps that will hold the pipe rigidly in place so 
as not to allow the pipes to be moved, holes to be chafed 
in them, or any vibration to exist 

Q. After the pipe work is applied, what should be 
done? 

A. It should be thoroughly tested under full pressure, 
and the leaks detected by the use of soapsuds. 
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Q. After the pipe is tested, what shotild be done? 

A. It should be painted with a mat-proof paint and one, 
if possible, that will not be affected by salt water dripping 
from refrigerator cars or by tbe acid in soft coal. 

Q. Why is larger pipe used on freight than on pas- 
senger oars? 

A. Becauee on a long freight train a sudden reduction 
will travel through the large pipe more quickly, as the larger 
the pipe the leas the friction exerted to the passage of the air. 

Q. Is there any other reason? 

A^ Yes; in emergency, with quick-action triples air from 
the brake pipe is put into the brake cylinder; a freight car 
being shorter than a passenger car, the larger pipe makes the 
volume of air in the brake pipe more nearly equal to that in 
the Bmaller pipe tuied on the longer passenger cars. 
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CHAPTEE XII. 

A FEW PRACTICAL FORMULAE AND RULES 
FOR AIR-BRAKE INSPECTORS 

Braking power 



1-inch piston travel Shoe movement for 1 inch of 
""Total leverage" "piston travel. 

Shoe wear Total increase of piston travel to 

Shoe movement ^ wear out a set of shoes, 
for 1 inch of 
piston travel 

Il.LD8TBA.TI0N OF THE AbOTB FoBUULAE. 

Assume : 

Weight of car=4i),000 pounds; it is to be braked at eighty 
per cent of its weight; 10-inch cylinder used; shoes V^ 
inches thick. 

Eighty per cent of 40,000=32,000 pounds. The cylinder 
value, or push on the piston, of a 10-inch cylinder, when the 
brake is set in full service, is 4,000 pounds. 

Substituting values in the equations: 
32,000 

8 is the total leverage; that is, the push of 4,000 pounds 
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on the piBton must be multiplied 8 times to give the proper 
braking power, 

(2) -^=.125" or % 

^ oi an inch is the dietance that the brake shoes will 
move for each inch that the piston travels. 
IVa 1.5 

12 inches is the distance the piston travel would have to 
increase to wear out a set of shoes lYz inches thick. 

To find the area of piston: 

Multiply the diameter of the piston 5y itself, and this 
product by the decimal .7854. 

Example: 

What is the area of an S-inoh piston? 

8" X S = G4 sq. in. 
64 sq. in. X -''854 = 50.26 sq. in. 

50.26 square inches is the area of the piston; that is, the 
nnmber of square inches in a circle 8 inches in diameter. 

To find the volume or cabioal contents of a cylinder : 

Multiply the diameter of the cylinder by itself, this product 
by the decimal .7854, and this product by the length of the 
cylinder. 

Example: 

What is the volnme of a cylinder 8 inches in diameter 
and one foot long? 

8" X 8 ^ 64 sq. in. 

64 sq. in. X .7854 = 50.26 sq. in. 

50.26 sq. in. X 12 = 603.12 cu. in. 

To find the pressure at which an auxiliary reservoir 
and brake cylinder will equalize with a full service ap- 
plication of the brake using an initial pressure of seventy 
pounds in the brake-pipe and auxiliary reservoir: 
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Multiply the capacity of the auxiliary reservoir in cubic 
inches by eighty-five pounds (seventy pounds brake-pipe 
pressure plus fifteen pounds atmospheric pressure, and di- 
vide the product by the combined capacity of the auxiliari/ 
reservoir and brake cylinder. The quotient will be, approxi- 
mately, the pressure plus fifteen pounds atmospheric pres- 
sure. This is not absolutely correct, as it does not take into 
account the clearance in the cylinder back of the piston with 
the brake released. This usuaily corresponds to about 1 
inch of piston travel. 

Example: 

Capacity of freight auxiliary reservoir^ 1635 cu. in. 

Capacity of 8 -inch brake cylinder vith S-ineh piston 
travel =; 400 cu. in. 

1625 X 85 = 138,125.' 138,125 -i- {1625 + 400) = 68 
68 lbs. — 15 = 53 lbs. 

Fifty-three pounds is the pressure obtained in the auxil- 
iary and brake cylinder with the brake fully set in service. 

The fomiTilse g^veo below will be found conTenient 
with which to find either the proper width of a lev^ to 
withstand a given strain, or to ascertain the fibre strain 
on a lever. 

E ^^^ Fibre strain. 

I ^ distance from point power is applied to center of pin 
at point for which dimension or amount of fibre strain is 
desired. 

b ^ Thickness of lever. 

d = Width of lever. 

Xo allowance is made for the metal taken out of flie 
lever for the pin holes, as the removal of metal has no prac- 
tical weakening effect, same being so close to the central 

In general railroad air-brake practice, from 18,000 to 
20,000 is considered a safe fibre strain. 
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6 PI 



in 

Example: 



^=4 



To find the fibre strain at the middle hole of a lever 24 
inches between the push-rod and outside holes, middle hole 
12 inches from push-rod hole, width of lever 4.336 inclies 
at middle hole, lever 1 inch thick, 10-inch cylinder used, 
and a maximum pressure of 60 pounds obtained in the cylin- 
der, giving a total power of about 4,700 pounds acting on 
the piston. 

6 PI 6 X 470O X 12 

^ ^T?^ = 1X 4.336 X 4.336 "^^^^''^Q^P""^ 

Example: 

Under the same conditions as the preceding example find 
the proper width of the lever at the middle hole, permitting 
of a maximum fibre strain of 18,000 pounds. 



lor r 



6 X 4700 X 13 
18,000 X 1 °^ 

d=V18.8 or (f = 4.336 inches. 
Width of lever should be 4.336 inches. 
To reduce stops at different speeds to an equivalent 
stop at the same speeds, all other conditions being equal. 
Rule: Multiply the known distance hy the sqvare of the 
speed foT which proportionate distance is desired, and di- 
vide the product by the square of the speed at which hnown 
Rtop teas made. 

This rule is only practical with speeds which are not 
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more than three milea above or below the Rpeed for which, 
proportionate stop is to be calculated. 

ExiunplQ: 

If a stop at 58 miles per honr is made in 1,600 feet, and 
one at 68 miles per hour in 1,800 feet, in what distance 
would each of these stops hare been made at a speed of 60 
miles per hour? 

Square of 58 miles == 3361 

Square of 62 miles = 3844 

Square of 60 miles = 3600 

1600 X 3600 _ ^^j^ 



In the first case the atop at 60 mileB per hour would have 
been made in 1,713 feet, while in the latter in would have 
taken 1,691 fe«t. 
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CHAPTER XIII. 
THE "PC" PASSENGER BRAICE EQUIPMENT 

Q- What doei the deslfirnation "PO" ligiutyl 

A. The Westinghouse Improved Brake Equipment 
Schedule "PC," which uaea a Control Valve m place of a 
triple valve, "F" signifies passenger, and "C" stands for 
cojUtoI wdve. 

Q> Where is it used? 

A. On heavy passenger equipment cars, weighing from 
125,000 to 150,000 or more pounds. 

Q. WV is it necessuT? 

A. The braking force required to control such heavy 
cars as effectively as the old equipments on lighter cars 
became so great as to exceed the capacity of the largest 
practicable single brake cylinder combined with the highest 
practicable leverage. 

Q. Was increased weight the only reason for bring- 
ing ont Mm new equipment? 

A. No, Increased schedule speeds in the service for 
which these heavy cars are usually required; the necessity 
of economizing time in making stops so as to meet the fast 
schedules; much longer trains with very large voliune of 
air to be handled; these have all imposed conditions which 
the older type of equipment cannot satisfactorily meet. 

Q. Does the "PC" equipment have all the features of 
the older passenger types? 

A. Yes, and several novel features as well. 

Q. What novel features axe included as compared 
with the old high-speed brake (Schedule PH)? 
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A. 1. Qradualed releaae and quick recharge, eame as ob- 
tuned with the LN equipment. 

2. Certainty and uniformity of service action, 

3. Quick rise in brake-cylinder pressure. 

4. Uniformity and Tnaintenance of service trake- 
cylinder pressure in spite of unequal piston travel or brake- 
cylinder leakage. 

5. Fixed limit in service braking ptwer. 

6. Full emergency braking power otOainabU at any 
Ume regardless of any service applications just previously 
made. 

7. Full emergency application auiowilically made 
whenever brake-pipe pressure falls to a certain point. 

8. The service and emergency features are separated 
to eliminate undesired quick action as much as possible. 

9. A low total-leverage ratio, to increase the efficiency 
of transmitting the braking force from cylinder to brake 
shoes. 

10. Not sensitive to slight ftuctuaUons of brake-pipe 
pressure preventing brakes from "creeping on" or causii^ 
undesired light applications. 

11. Quick rise inbrake-pipe pressure during releose, 
to make certtun that all brakes will release when desired. 

12. Greatly increased sensitiveness to release, to pre- 
vent "stuck" brakes. 

13. Graduated release may be eliminaled and changed 
to direct release like the old equipments whenever desired 
without any change in the mechanism. 

Q. With all these new features, how does this equip- 
ment operate when mixed with old eqmpm«its in the 
same tndn? 

A. When the brake valve is properly handled, it works 
in perfect harmony with the old equipments, and even im- 
proves the operation of the latter. 
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Q. Name tha parts of the "PC" equipment (Tigs. 118 
and 119), and their duties. 

A. 1. Control valve with its compartment reservoir, which 
corresponda in a general way to the triple valve of the old 
passenger brake equipments, and more closely to the dis- 
tributing v^ve of the "ET" Locomotive Brake, 

2. Two brake cylinders, one called the service cylinder 
" and the other the emergency cylinder. The service cylinder 

alone operates in service applications, and both cylinders 
operate in emergency. 

3. Two storage reaerwira, called the service and emsr- 
gency reservoirs according to the brnke cylinders with 
which they opera^. 

4. A centrifugal dirt coUedor placed in the branch- 
pipe from brake pipe to control valve near the latter to 
prevent scale, sand and dirt from reaching the control valve. 

5. A branch-pipe air siramer screwed into the branch- 
pipe connection of the control valve to take the place of the 
small wire str^ner used in the quick action triple valves. 
(See No. 16, Fig. 5.) 

6. Aconij'uctor'sfalre, same as used with all passei^er 
brake equipments, placed inside the car and connected to 
the brake pipe so that the brakes may be applied by the 
conductor in case of necessity. 

7. Various other details usually required in pas- 
senger brake equipments such as cut-out cocks, angle cocks, 
hose and couplings, dummy couplings, etc, 

8. Although not a fundamental part of the equip- 
ment, the avtemalic slack adjuster (see page 94) is usually 
applied to insure uniform piston travel. 

Q, How are the gradnated-release and qnick-reoharff* 
features obtained? 

A. By the aii stored in the emergency reservoir. 

Q. How is greater certainty and Tudfomiity in lor- 
ice action obtained? 
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A. ^ght brake pipe reductions cause the moviog parts 
<A the control valve to close the feed grooves without going 
to service position; after that, a necessary and proper re- : 
duction must be made before the brakes will apply. 

Q. How is the quick rise in brake-cylinder pretnire 
obtained? - { > 

A. As soon ftB the contrcd valve parts start toward 
service position, they move very promptly, and open large, 
direct and unrestricted passages from reservoirs to brake 
cylinders. * 

Q. How is service brake-c^inder pressure maintained 
dnnng a stop? 

A. In the same way as on locomotives, by the applica- 
tion portion of the <^tributing valve. (See page 228.) 

Q. How is the service brakinjf powo- limited to i 
certain amonnt? 

A. The volumes of the pressure chamber and appliaitim 
chamber of the control valve are fixed, and when their 
pressures become equalized, no higher service brake-cylinder 
pressure can be obtained. 

Q. What is the maxiTrmTn brake-cylinder pressure in 
service with 110 pounds brake-pipe presflure? 

A. Eighty-six pounds. 

Q. What brake-pipe reduction will give this? 

A. Twenty-four pounds, the same as with the high speed 
brake. 

Q. How does this pressure of eqoalization in service 
compare with older equipmentA? 

A. It is much higher, the older equipments being de- 
signed to equ^ze at 50 pounds from 70-pound brake pipe, 
and being limited to 60 pounds by the high-speed reducing 
v^ve, or safety valve, when llO-pound brake pipe is used. 

Q. How ia the "fall emergency at anj time" fea- 
ture obtained? 

A. Since the service and emergency parts of the control 
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valve are entirdy separate, and the operation of the quick- 
action portion depends only on the movement of ite parts 
to emergency position (which always occurs when an emer- 
gency reduction of brake-pipe pressure is made) it follows 
that an emergency application can always be effected re- 
gardless of what applications may have previously occurred. 

Q. What is the purpose of the feature givinjf aa 
automatic emerg^ency application on depletion of brake. 
pipe pressure? 

A. It is a positive assurance against total loss of braking 
power due to pumps stopping, leakage, waste of air, or any 
other cause, because whenever brake-pipe pressure becomes 
reduced to a certain point, the quick-action portion of the 
control valve opens up the brake pipe to the atmosphere, 
thereby causing an emergency application by means of the 
ur remuning in the service and emergency reservoirs. 

Q. Oan this kind of an emtrgency ai^lication be 
obtained in handling the brake ralre without goin; to 
omergency position? 

A. Yes, if the engineer keeps on reducing brake-pipe 
pressure below full service reduction with the brake-valve 
handle in service position, he will eventually reach the point 
where the control valves will automatically apply in emer- 
gency. 

Q. Is this good practice? 

A. No, it is very bad practice, and any engineer causing 
such an application shows that he does not understand how 
to properly handle the brake valve. 

Q. What is this feature of the "PC" equipment often 
called? 

A. The "over reduction" feature. 

Q. Besides obtaining emergency at any time, what 
else is effected by separating: the servioe and emergenoy 
features? 
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A. Itpermits of the necessary flexibilitf in service opera- 
tion 'witiiout in any way impairing the emergency features. 

Q. Why is & low total-leverae:e ratio possible with 
tbii equipment? 

A, ' The use of two brake cylinders per car, combined 
with the high-service equalization pressure of 86 pounds, 
since for the same service braking power it is not necessary 
to multiply the higher cylinder pressure so many times. 

Q. How is the control valve made less sensitive to 
small hrake>pipe fluctuations than the triple valves? 

A. ' A small drop in brake-pipe pressure will close the 
feed groove without causing any application, so that unless 
the brake-pipe pressure becomes reduced to the point where 
an application ought to occur, there will be no ill effects 
from the small reduction. 

Q. How does this equipment cause a rapid rise in 
bn&e-pipe pressure during a release of the brakes? 

A. Very little air is taken from the brake pipe to re- 
charge until the pressure chamber of the control valve is 
charged to within j^we pounds of normal brake-pipe pressure ; 
consequently nearly all the air flowing into the brak^ pipe 
from the main reservoirs through the brake valve is utilized 
in raising the pressure in the small brake-pipe volume. As 
a result, brake-pipe pressure will rise as rapidly as the air 
can flow through the length of the tr^n, without having 
to also recharge auxiliary reservoirs. 

Q. How is increased sensitiveness to release obtained? 

A. The control valve is so designed as to require a con- 
siderable differential to cause it to go to service position, 
while on the other hand a very small differential will cause 
the parts to move back to release position. Consequently 
in long trains where the rate of rise in brake-pipe pressure 
is likely to be slow, especially at the rear end, the control 
valve will release the brakes more readily than any triple 
■ ■yflJve. D,-:.n, Google 
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Q. Why is it considered desirable to introduce a fcA- 
ture to transform the graduated release to direct re- 
lease? 

A. During the transition period, when cars are being 
equipped with this new brake, and they will for some time 
have to operate in trains with other cars having the older 
type of brake without the graduated release feature, it is 
considered best to use only the direct release on all cots 
until such time as they are all equipped with the graduated- 
release brake. 

The No. 3-E Control Valve. 

Q. What are the principal parts of the control vfdve? 
A. 1. Equalizing portion. 

2, Application portion. 

3, Emergency portion. 

4, Quick-action portion. 

Q. Referring to Figs. 120, 121, and 122, how are these 
parts assembled? 

A. The application portion projects into the inside of 
the compartment reservoir from the front end, tmd the 
equalizing portion bolts onto the front end right on the 
application portion. The emergency and quick-action por- 
tions protrude up into the reservoir from the bottom, one 
on either side, the quick-action portion on the left and the 
emergency portion on the right. 

Q. How many chambers are there in the compart- 
ment reservoir, and what are they called? 

A. Three: the pressure chamber, application chamber, and 
the rediiction-limiting chamber. 

Q. What are the duties of the equalizing portion? 

A, It corresponds in a general way to the equalizing 
portion of the distributing valve (page 228) or the old plwn 
triple valve {page 21). It is directly affected by changes 
in brake-pipe pressure and controls, either directly or in- 
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directly, the chaining of the reservoirs, the application of 
the brake in either service or emergency, and the release of 
tiie brake. 

Q. What are the duties of the application porUon? 

A. It controls the flow of ak from the service reservoir 
to the service cylinder, and the release of this cylinder. It 
has nothing to do with the emergency reservoir or emer- 
gency brake cylinder. 

Q. What is the emergency portion for? 

A. It contuns a double piston and slide valve, which 
controls the Bow of air from the emergency reservoir to the 
emergency brake cylinder, and the release of that cylinder 
to the atmosphere. 

Q. What are the. duties of the qnlck-action portion? 

A. It corresponds in a general way to the quick-action 
portion of a triple valve. It operates only in emergency 
applications, venting brake pipe air to the atmosphere 
(instead of to the brake cylinder), and closing the vent as 
soon as the desired brake-pipe reduction is made. 




CoRTBOL Valvk. Sun View. 
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Q. What does Fig. 120 represent? 
A. It is a side view of the complete assembled control 
valve. 



^ CoNTBOL Valve. Fboht View. 



Fig. 122. No. I 
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Q. What is Fig. 121? 

A. It is a front view of the control valve showing the 
equalizing portion. 

Q. What iB shown in Tig. 1227 

A. It shows a side view of the control valve with the 
various parts separated to show their relative location. 

Q. What is shown in 7igs. 123 and 1247 

A. An outline of the control valve showing the over-all 
dimensions and the pipe connections. 

Q. Where are all the pipe connectioiiB made? 

A. In the compartment reservoir, which is the only part 
rigidly attached to the car. 
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Fro. 124. Ko. 3-E Cohtbol Valve, Outlise. 

Q. What type of triple valve does the control valve 
resemble in thhi respect? 

A. The "pipeless" triple valves. 

Q. Beferring to Figs. 135 and 126, what are the 
names ctf the detail parts of the control valve? 

A. Equalizing portion: 2, Equalizing Body; 3, Release 
Piston; 4, Release Slide Valve; 5, Release Slide Valve 
^)ring; 6, Release Graduating Valve; 7, Release Graduating 
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Valve Spring; 8, Release Piston Cap Nut; 9, Release Piston 
Ring; 10, Release Cylinder Cap; 11, Release Cylinder-Cap 
Gasket; 12, Square Head Cap Screw; 13, Release Piston 
Graduating Sleeve; 14, Release Piston Graduating Spring; 
15, Release Piston Graduating Nut; 16, Check Valve; 17, 
Check-Valve Cap Nut; 18, Direct and Graduated Release 
Cap; 19, Stud and Nut for Direct and Graduated Release 



Pio. 125. No. 3-E CoNTBoi Talve. Actual Section. 

Cap; 20, Equalizing Piston; 21, Equalizing Piston Ring 
(Large); 22, Equalizing Slide Valve; 23, Equalizing Slide- 
Valve Spring; 24, Equalizing Graduating Valve; 25, Equal- 
izing Graduating-Valve Sprir^; 26, Large Equalizing 
Cylinder Cap; 27, Large Equalizing Cylinder-Cap Gasket; 
28, Square Head Cap Screw; 29, Equalizing Piston Stop 
Sleeve; 30, Equalizing Piston Stop Spring; 31, Equalizii^ 
Graduating Nut; 32, Equalizing Piston Ring (Small); 33, 
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Pio. 126. Na 3-B Conteoii Valtb, Actuai. Sbctiom. 

Small Equalizing Cylinder Cap; 34, Gasket for Small Equal- 
izing Cylinder Cap; 35, Square Head Cap Screw; 36, Cap 
Nut for Small Equalizing Cylinder Cap; 37, Small Equaliz- 
ing Piston Bush; 38, Service-Reservoir Charging Valve; 39, 
Charging-Valve Piston Ring; 40, Charging- Valve Piston 
Ring; 41, Charging-Valve Seat; 42, Charging-Valve Washer; 
43, Internal Charging-Valve Nut; 44, External Charging- 
Valve Nut; 45, Gasket for Direct and Graduated Release 
Cap. 

Application Portion: 75, Body; 76, Piston Stem; 77, Pis- 
ton Ring (Small) ; 78, Piston Head; 79, Piston Seal; 80, Pis- 
ton Ring (Large); 81, Piston Follower; 82, Piston Packing 
Leather; 83, Piston^ Packing Leather Expander; 84, Piston 
Nut; 85, Piston Cotter; 86, Exhaust Valve; 87, Exhaust 
Valve Spring; 88, Application Valve; 89, Application-Valve 
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Spring; 90, Application-Piston Bolt; 91, Sprii^ Box; 92, 
Piaton-Spring Sleeve; 93, Piston Spring; 94, Graduating 
Nut; 95, Application-Valve Cover Gasket; 97, Square Head 
Screw (or Application- Valve Cover. 






r 


■:.D 


s 


V. 




i 


I 


P 


*■ 


I. 


'.:<? 



PLAN VIEW 



n 


o 


CDO 


■ 





o c 




__^ 


CTD 


U 


o 


O 

CO 


O 




EQUALIZINO SLIDE VALVE SEAT/ 
Fio. 127. Equalizinq Ghaduatirq Valto, Sltde Valve, a 
Talvb Seat. 
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Emergency Portion: 107, Body; 108, Piston (Complete); 
109, Piston Ring; 110, Slide Valve; 11, Slide-Valve Spring; 
112, Small Cylinder Cap; 113, Large Cylinder Cap; 114, 
Small Cylinder-Cap Gasket; 115, Large Cylinder-Cap 
Gasket; 116, Piston Spring; 117, Square Head Cap Screw 
for Small Cylinder Cap; 118, Oval Fillister Head Ce^ 
Screw; 119, Emergency Piston Bush. 

Quick Adion Portion: 130, Body; 131, Piston (Complete); 
132, Piston Ring; 133, Quick-Action Valve; 134, Quick- 
Action Valve Seat; 135, Quick-Action Valve Nut; 138, 
Quick-Action Valve Spring; 137, Quick-Action Valve-Cap 
Nut; 138, Qmck-Action Valve Cover; 139, Quick-Action 
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Closing Valve; 140, Quick-Action Closing Valve Spiing; 
141, Cover Cap Nut; 142, Cover Gasket; 143, Square Head 
Cap Screw for Cover. 

Reservoir: 153, Triple-Compartment Reservoir; 154, Cap 
Nut; 155, Stud with Hex. Nut; 156, Stud with Hex. Nut; 
157, Emergency Cylinder Gasket; 168, Quick-Action 
Cylinder Gasket; 159, Large Reservoir Gasket; 160. Equal- 
izing Cylinder Gasket. 



miTOE PISTON EHO 



i>noe PISTON ENO 




FiQ. 129. EuEBGENCT SLIDE Valvb akd Sudb Taltb Seat. 



Q. What do Figs. 127, 128 and 129 represent? 

A, They show views of the face of the equalizing gradu- 
ating valve, slide valve, and slide-valve seat; the release 
graduating valve, slide valve, and slide-valve seat; and the 
emergency slide valve and slide-valve seat. 

Q. To what chambers tmd parts do tikese Tsrloni 
ports connect? 

A. Equalizing Slide-Valve Seai: . 1, Emergency Reser- 
voir Check Valve (under side); 2, Brake Pipe; 3, Direct and 
Graduated Release Cap {open only when cap is adjusted 
for graduated release) ; 4, Reduction Limiting Chamber Ex- 
haust; 5, Small End (Chamber G) of Service Reservoir 
Charging Valve; 6, Reduction Limiting Chamber; 7, Large 
End (Chamber K) of Service Reservoir Charging Valve; 8, 
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Release Slide- Valve Chamber (Chamber E); 9, Application 
Chamber and Front of Application Piston (Chamber C); 
10, Emergency Reservoir; 11, Pressure Chamber; 12, 
Slotted Port; 27, Small Equalizing Piston (Chamber P). 

Release Slide-Valve Se^U: 13, Large Emergency Piston 
(Chamber P); 14, Small Emergency Piston (Chamber S); 
15, Direct and Graduated Release Cap (open only when cap 
is adjusted for graduated release); 16, Emergency Piston 
Exhaust; 17, Direct and Graduated Release Cap (open 
only when cap is adjusted for direct release) ; 18, Application 
Chamber Exhaust, also Direct and Graduated Release Cap 
(the latter open only when cap Is adjusted for Direct Re- 
lease); 19, AppUcation Chamber; 20, Quick-Action Closing 
Valve; 21, Emergency Reservoir; 22, Small Equalizing 
Piston (Chamber F). 

Emergency SUde-Vfdve Seat: 23, Service Brake Cylinder; 
24, Back of Application Piston (Chamber M); 25, Emer- 
gency Cylinder Exhaust; 26, Emergency Cylinder. 

Q. What do Figs. 130 to 144 represent? 

A. They are diagrams of the control valve and compait- 
ment reservoir with the movable parts in different pmsitions 
as they occur in operation. The actual form of the parts 
has been entirely disregarded, and the ports are shown in 
the simplest manner possible to indicate the connections 
made. In all except Fig. 130, only those porta which are 
in action are shown. 

Q. What position of the control vfdve is illostrated 
in rig. 130, and when doea it occur? 

A. "Normal" position, occupied by the various parts 
of the valve when properly a^embled and before aJr pressure 
is admitted to the brake system. It indicates the relation 
of all the ports and detail parts of the valve. 

Q. What chambers are alwETs sabject to brake-pipe 
premre? 
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A. Chamber A above the equalizing piston; chamber B 
above the release piston; and the chamber below the quick* 
action valve. 

Q. What chamber is the serrice brakft eyfiudw 
always connected mth? 

A. Chamber above the exhaust valve. 

Q. What chambers is the service reservoir always 
connected with? 

A. Chamber N above the application valve, and chamber 
H around the center of the service reservoir charging valve. 

Q. What chamber is the emere:ency cylinder always 
connected with? 

A. Chamber T above the quick-action closing valve. 
What chamber ia the emer^ncy reservoir always 
' r to? 

A. Chamber B over the emergency slide valve. 

Q. When the brake system is bein^f chars^d and air 
is admitted to the brake pipe, what takes place in the 
control valve? (See Fi^. 131.) 

A. Air enters the control valve at the brake-pipe con- 
nection and passes to chambers A and B, and through feed 
groove i to chamber E. As soon as the pressure in chamber 
A is sufficient to overcome the resistance of the equalizing 
stop spring, the equalizing piston is forced down until the 
lower end seats on the gasket In chamber F. Air c^i then 
flow from chamber B past the equalizing check valve into 
chamber D. From chamber D, the air flows through the 
equalizing slide valve past the emergency reservoir cheek 
v^ve, and from there it goes in two directions: First, to 
chamber R and the emergency reservoir; second, through 
the equalizing slide valve to the service reservoir check 
valve and the service reservoir, and through the graduated 
release cap and release slide valve to chamber E (which is 
also charged through the small feed groove i). This last 
mentioned connection is made only when the graduated 
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release cap is in the graduated relea,se position; wlien that cap 
is in tlie direct release position, chaml>er E is charged only 
by feed groove t. Air also flows from chamber E through 
the equalizing slide valve to chamber K below the service 
reservoir charging valve, and also the pressure chamber. 
Since the pressure in chambers D and E at this time is 
practically equal, and the area of the charging valve facing 
chamber K is larger than that in chamber G at the top, the 
charging valve will be held in its upper position until the 
service reservoir, which connects at all times with chamber 
H around the middle of the charging valve, is charged to 
the same pressure as that in chamber E and the pressure 
chamber. 

Q. What other oonneGtioiu are made in the Beleaw 

Positiou? 

A. Chamber F below the equalizing piston is connected 
through the release slide valve with the emergency piston 
exhaust and atmosphere, thus holding the equalizing piston 
firmly in release position. Chamber S below the emergency 
piston is also connected to the same exhaust o[>ening, there- 
by holding the emergency piston firmly in its proper posi- 
tion. The reduction limiting chatnber is connected through 
the equalizing slide valve to the reduction limiting chamber 
exhaust and atmosphere. The application chamber and 
chamber C in front of the application piston are connected 
through the release slide valve and graduating v^ve with 
the application chamber exhaust and atmosphere. The 
service brake cylinder is connected through the exhaust 
slide valve of the application portion with the service brake- 
cylinder exhaust to the atmosphere. And the emergency 
brake cylinder is connected through the emergency sUde 
valve to the emergency cylinder exhaust and the atmo&- 
phere. The small cavity in the release graduating valve is 
always connected to the emergency piston exhaust so as 
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to insure a sufficient pressure on the graduating v&ive to 
liold it to its seat. Tliis cavity performs no ottier service. 

Q. After the equipment is fully diarg^ and a 8ervi« 
rednction of brak^-pipe pressure is made, what occnn 
in the control valve? (See Figs. 133 to 134.) 

A. The pressure in chambers A and B will be reduced 
below that in chambers D and E tending to force the pistons 
and their valves upward. But since the chamber F, below 
the equalizing piston, is open to the atmosphere, through 
the release slide valve and the emergency piston exhaust, 
the release piston will move first upward until it strikes the 
graduating spring sleeve. There is a small amount of lost 
motion between the release piston and graduating valve, 
and a somewhat greater lost motion between the piston and 
the slide valve, so that during the first upward movement 
of the piston, the slide valve remains in its release position 
keeping chamber F open to the atmosphere, which insures 
that the equalizing piston will not move upward until after 
the release piston. Thus the release piston first moves up- 
ward as above described to prelim'nary service position, 
closing feed groove i, and the port leading from the appli- 
caiion chamber to the atmosphere. It also closes the con- 
nection between chamber F and the atmosphere and makes 
connection between that chamber and chamber E. (See 
Fig. 132.) This results in permitting air from the pressure 
chamber to raise the pressure-chamber check valve and flow 
to chamber F, balancing the pressures in chambers F and D 
above and below the small end of the equalizing piston. 
This permits the equalizing piston to move upward until 
the shoulder on the piston stem strikes the slide valve, as 
shown in Fig. 133, when a connection is momentarily made 
between the emergency reservoir and chamber D, which 
prevents a drop in pressure in that chamber due to the up- 
ward movement of the equalizing piston. (The volume of 
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chamber Z) is bo small compared with the displacement of 
the piston as to require this arrangement.) At the same 
time, chamber D and the pressure chamber are connected 
through the equalizing slide valve and graduating valve to 
keep their pressures equal. Of course, this position is occu- 
pied only an instant, ea the pressure in chamber D causes 
the equalizing piston to continue its upward movement 
carrying the slide valve and graduating valve with it to the 
tervice position where the piston strikes \t& graduating sleeve, 
as shown in Fig. 134. 

In this position, chambers F and D are connected by 
a feed port around the small end of the equalizing piston. 
The pressure chamber is connected to chamber D: First, 
directly through the equalizing slide valve; second, past the 
pressure chamber check valve and chamber E through the 
release slide valve and equalizing slide valve, also through 
chamber F. From chamber D, air flows through the equ^' 
izing slide valve to the application chamber and chamber C 
on the face of the application piston, forcing the latter to 
the application position. This closes the service cylinder 
exhaust and opens connection between the sendee reservoir 
and chamber A'^ to the service brake cylinder, thus applying 
the brakes. The air flowing to the service brake cylinder 
also flows by way of the emergency slide valve to chamber 
M, thereby equalizing the pressures in chambers M and 0. 
The reduction-limiting chamber and the emergency brake 
cylinder are still connected to the atmosphere as in release 
position. 

Q. If the brake-pipe reduction made was fifteen 
pounds, how long will the parta of the control ralve 
remain in service position? 

A. Until the pressure in chambers D and E and the 
pressure chamber falls slightly below that in the brake pipe 
and chambers A and B. 
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Q. What will occur then? 

A. The pistons and graduating valves will move down 
until the shoulder on the piston stem strikes the slide valve 
to Service Lap position. This closes communication be- 
tween the pressure chamber and the application chamber, and 
holds whatever pressure there is in chamber C and the 
application chamber. As soon as the pressure in the service 
brake cylinder and chambers C and M is slightly above 
that held in chamber C, the application piston will move 
back and close communication between the service reservoir 
and service brake cylinder us shown in Fig. 135. 

Q. If brake-cylindeir pressnre becomes reduced 
throngli leakage or otherwise, what will happen? 

A, The application valve will open and admit enough 
tax from the service reservoir to the brake cylnder to rein- 
state the pressure, in the same manner as with the distrib- 
uting valve of the "ET" equipment (see page 241). Con- 
sequently brake-cylinder pressure is maint^ed practically 
constant within the capacity of the service reservoir. 

Q. What does the morement of the release piston and 
^adnatingf valve to lap position accomplish? 

A. It performs no functions whatever. 

Q. What other parts of the control v^ve operate at 
this time? 

A. All the other parts remain as in service position. 

Q. If the engineer makes a full-service redaction, will 
the parts go to service lap as above desoibed? 

A. No, they will remiun in service position. 

Q. What is a fnll-soTvice reduction with this equip- 
ment? 

A. Twenty-four pounds, just as with any other brake 
equipment using 110 pounds brake-pipe pressure. 

Q. If the engineer makes mca% than a fnU'ierrice 
reduction, what will happen? 

A. The pressure in chambers A and B will fall below 
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that in chambers D and E, so that the equalizing piston ia 
forced upward beyond the service position, compressing its 
graduating ^ring, to the position called the over-reduction 
position as shown in Fig. 136. The release piston does not 
move upward because its graduating spring is heavier and 
requires a considerably greater differential to compress it. 

Q. What connections are mode in the over-rednction 
position? 

A. Chamber D is now connected through the equalizing 
slide valve with the reduction-limiting chamber which has 
heretofore been maintained at atmospheric pressure, and 
air will now continue to expand from the pressure chamber 
(and chambers D and E) into the reduction-limiting chatnber, 
at the same rate that in service position it expanded into 
the applicaUim chamber. The application chamber and 
chamber C are also connected to chamber G above the 
charging valves, while chamber K below the charging valve 
is connected to chamber D through the equalizing slide 
valve. The other connections are as in Service Position. 

Q. What change takes place in applicatlon-chambdr 
presBUre during Uiis time? 

A. None. Any reduction in appliaUum-chamber pres- 
sure is reinstated by air leaking by the small end of the 
charging valve from the service reservoir. 

Q. What position must the charging valve have at 
this time? 

A. Since the pressure in chamber G remains constant 
while that in chamber K (and chamber D) is reducing, it 
follows that the charging valve will be held firmly down 
agfunst ite lower seat. 

Q. Suppose that only a small over reduction in brake- 
pipe pressure is made, how long will the parts of the 
control valve remain in over-reduction position? 

A. Until the pressure in chambers D and E and the 
pressure chamher falls slightly below that remaining in the 
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brake pipe, when the equalizing piston and graduating valve 
will be forced downward to the over-reduc ion lap position, 
as shown in Fig. 137. This closes connection between the 
pressure chamber and the Teduction-Umiting chamber pre- 
venting, any further flow of air to the latter. 

Q. Are any other changes in port connections made 
in over-reduction lap position? 

A. The equalizing graduating valve closes connection 
between chambers D and K, and the release piston and 
graduating valve move downward, closing connection be- 
tween chambers E and D. These closures are, however, 
only incidental and have no effect on the existing pressures. 
All other parts and pressures remain as in over-reduction 
position. 

Q. How long can an over -reduction be made in thii 
manner? 

A. Until the pressure chamher and reduction-limiting 
chamber become equalized in pressure. 

^ Q. If the reduction in brake-pipe pressure ia carried 
beyond this point, what will happen? 

A. Since the pressure in chambers D and E cannot re- 
duce any further, a sufficient differential will be built up 
on the two sides of the equalizing and release pistons to 
force them to emergency position. 

Q. What are the pressures of equalization between 
the pressure chamber and reduction-limiting chamber? 

A. Sixty pounds when carrying 110 pounds brake-pipe 
pressure, and 35 pounds when carrying 70 pounds brake- 
pipe pressure, 

Q. What brake-pipe reductions, therefore, are nec- 
essary to reach this point? 

A. Fifty-pound reduction from 110, or 35-pound re- 
duction from 70. 

Q. How do these reductions compare with those r*- 
qoired for a full-service application? 
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A. They are just about twice as great. 

Q. With the parts of the controi valve in either ser- 
vioe I^ or OTer-redaction lap position, what occurs when 
the engineer releases the brakes? 

A. The increase in brake-pii>e pressure in chambers A 
and B over that existing in chambers D and E will cause 
the pistoDB and their valves to move downward. The 
equalising piston moves first, the porta being designed to 
requu% a somewhat greater differential to move the release 
piston and its valve. Consequently the parts will first 
assume the position known as prelimijiary release, as shown 
in Fig, 138, when the equalizing piston strikes the piston 
stop at iia lower end. Chamber F b then cotmected to the 
presaure chamber by way of the equalizing slide valve, so 
that the pressure in chamber F, in addition to the force of 
the stop spring, insures that the equalizing piston and its 
valves will hestitate in this position. At the same time, 
chfunber E is connected through the equalizing slide valve 
and graduating valve to the reduction-limiting chamber 
exhaust, which causes a momentary reduction of pressure 
in chamber E, thereby positively insuring that the release 
piston is fOTced to the release position, as shown in Fig. 139. 
Consequently the preliminary release position Is only occu- 
pied for an mstant, and is the first step in the movement 
of the parts to the full-release position. 

Q. What is the second step in the movement of the 
eontrol-valve parts to full-release position? 

A. The venting of air from chamber £. through the 
equalizing slide valve and graduating valve and reduction- 
limiting chamber exhaust, results in forcing the release 
piston and its valves promptly to release position while the 
equalizing piston and its valves hesitate momentarily in the 
preliminary release position as shown in Fig. 139. This 
position is known as. Secondary Release position, in which 
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connection is made between chamber F through the release 
elide valve to the emergency-piston exhaust. Also the 
pressure chamber ia connected .through the equalizing slide 
valve to the same port which connects chamber F to the 
atmosphere. At first the pressure in the pressure chamber 
tends to hold up the pressure in chamber F to insure that 
the release piston will move" completely to the release 
position, but as these chambers are connected to the at- 
mosphere through small ports, their pressure will reduce, 
thereby causing the equalizing piston to move on down- 
ward. In this movement, the equalizing slide valve restricts 
and finally stops the flow of wr from the pressure chamber 
to chamber F, which results in the latter becoming rapidly 
reduced to atmospheric pressure, and causing the equalizing 
piston and its valves to move positively to release position, 
as shown in Fig. 140. 

Q. Is the control valve now in full release position? 

A. Not quite, as the charging valve is still closed. 

Q. Why is this? 

A. So as to insure that the pressure chamber will be 
almost completely recharged before the service reservoir 
begins to recharge. 

Q. What connections are made in the gradnated- 
release position as shown in Fig. 140? 

A. The application chamber and chamber C are con- 
nected through the release slide valve and graduating valve 
to the application- chamber exhaust and the atmosphere. 
This causes the application piston and its valves to move 
to the release position, connecting the service brake cylinder 
to the exhaust, as in the distributing valve. Air can also 
flow from chamber B past the equalizing check valve to 
chamber Z>, and through the feed groove i to chamber E, 
Prom chamber E, air can flow through the equalising elide 
valve to chamber K below the charging valve, and to the 
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pressure tJtamber. The emergency reservoir is connected to 
ctiunber O above the charging valve, and through the 
graduated release cap to chamber E. 
Q. How long will the partt remain in this position? 

A. If a complete release of the brakes is desired, the 
pistons and their vE^ves will remain permanently in this 
position until another application of the brakes. As soon 
as the MT flowing into chamber E, through feed groove i 
ajid from the emergency reservoir, raises its pressure to 
within five pounds of that remainii^ in the emergency 
reservoir (which has been held during the application 
charged to its full pressure] the pressure in chamber K, 
actii^ on the large end of the charging valve, will overcome 
the pressure in chamber acting on the small end, and will 
cause it to move to its upper seat, connecting the emergency 
reservoir to the service reservoir, as well as the other con- 
nections described under Release Position and shown in 
Fig. 131. This will result in a complete release of the brakes 
and rechar^ng of all chambers and reservoirs. 

Q. If a gradnated release is desired and the brake- 
pipe presBore Is only partly reisHtated, what will ooonr 
in the control valve? 

A. Assuming that the graduated-releaae cap is in the 
graduated-release position, the connections between the 
sTnergency reseTvoir and chamber E through the equalizing 
slide valve, graduated-release cap and release slide valve 
will tend to raise the pressure in chamber E and the pressure 
chamber above the partly reinstated pressure in chamber B. 
As soon as the difference in pressure between these two 
chambers is sufficient to overcome the frictional resistance, 
the release piston and graduating valve are forced upward 
to the gradualed-^elease lap position, shown in Fig. 141. 

Q. What change in port connections oconrs in grad- 
uated release lap position? 
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A. The movement of the release-graduating valve cuts , 
off connection between the emergency reservoir and '■ 
chamber E, thereby preventing any further recharging of 
that chamber and the pressure chamber. It also closes con- . 
nection between the application chamber and its exhaust 
outlet, which entraps a certain amount of pressure in 
chamber C. This pressure causes the application piston 
and its valves to move to lap position and stop the exhaust 
of service brake-cylinder air. 

Q. If the graduated-release cap is in the direct re- 
lease poBition, how will it affect the operation of the 
oontrol valve duiing release? (See Fig. 142). 

A. At such times there is no connection from the emer- 
gency reservoir to chamber E or the pressure chamber; conse- 
quently the pressure chamber is charged only by the Eur 
coming from the brake pipe through feed groove i into 
chamber E which passes through the equalizing slide valve 
to the pressure chamber. As a result, the pressure in chamber 
E cannot exceed that in the brake pipe (from which it gets 
its fur) and there can never be any tendency for the release 
piston to move upward again as in graduated release. 

Moreover, in this position of the graduated-release cap, 
the applie(Uion chamber and chamber C are connected 
through a port in the release slide valve directly to the 
atmosphere at the application chamber exhaust, regardless 
of the position of the release piston and graduating valve, 
BO long as the release slide valve is in release position. This 
insures a complete release of brake-cylinder pressure when- 
ever the valve goes to the release position. 

Q. When will the control valve go into the emer- 
geni^ position? 

A. Whenever the brake-pipe pressure is reduced more 
rapidly than the predetermined rate for service applications; 
or when tiiB brake-pipe reduction is continued below the 
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point at which the pressure and reduction-limiting chambers 
equalize ("over-reduction" feature), or whenever leakage 
or any other cause reduces brake-pipe pressure below that 
point (protection feature). 

Q. What occurs in the control valve dne to on emer> 
^noy application? (See Fi^. 143 and 144). 

A, The large difference in pressures on the two sides of 
the equaHzing and release pistons causes them both to move 
upward to the extreme position againet their cyUnder-cap 
gaskets. In this position air may flow directly from the 
emergency reservoir to chamber E, thence to the under 
side of the quick-action closing valve. Since chamber T, 
above the quick-action closing valve, is always in com- 
munication with the emergency brake cylinder, and since 
at this time there is no pressure in that cylinder, the ur 
from the emergency reservoir will force the quick-action 
closing valve upward, and flow into chamber W, forcing 
the quick-action piston downward and opening the quick- 
action valve, thus venting brake-pipe pressure to the at- 
mosphere through the quick-action exhaust. This causes 
the rapid transmission of serial quick-action through the 
train aa with the ordinary quick-action triple valve, except 
that the venting takes place to the atmosphere instead of 
to the brake cylinder. 

Q. What other connections are made in ttte control 
vaJve, in an emergency application? 

! A. Air from the emergency reservoir also flows from 
chamber E directly to the application chamber and chamber 
C, thereby forcing the application piston and its valves to 
the application position, which connects the service reservoir 
to the service brake cylinder. At the same time, chamber 
P above the large emergency piston is connected through 
the release ^ide valve with the emergency-piston exhaust, 
which allows the emergency-reservoir pressure in chamber 
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R to force the piatona and slide valve upward to the extreme 
poaition. 

What connections are made I17 this moTement o{ 
the «iuei^enc7 slide valve? 

A, 1, Emergency reservoir is connected past the end 
of the slide valve with the emergency brake cylinder. 

2. A port through the slide valve connects the emer- 
gency and service reservoirs so that their pressures become 
equalized in both brake cylinders. 

3. A cavity in the slide valve connects chamber M 
between the large and small application pistons to the atmos- 
phere at the emergency -cylinder exhaust, Thia last men- 
tioned connection insures a quick and positive movement 
of the application piston and its valves to the application 
poaition. 

Q. Are there any other connections mode in emer- 
gency? 

A. The pressure chamber is connected through the equal- 
izing slide valve with chamber D and past the pressure 
chamber check valve with chamber E; also the reduction- 
litnititig chamber is connected with chamber D through the 
equalizing slide valve. 

Q. What is the purpose of these connections? 

A. They perform no particular function except to insure 
pressure, acting on all slide valves so as to hold them to 
their seats and provide for the equalization of all chambers, 
reservoirs, etc. 

Q. Do all parts of the control valve remain in the 
position jost described throughont an enm^ncy appli- 
cation? 

A. No. The quick-action valve closes. 

Q. How does this occur? 

A. Since all reservoirs and cylinders become equalized 
in pressure, the pressures above and below the quick-action 
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cloung valve become equal. This allows the spring to seat 
the quick-action cloBing valve. The pressure in chamber W 
then reduces by ait flowing to the atmosphere through the 
small port in the quick-action piston, and the quick-action 
exhaust. This allows the spring under the quick-action 
valve to force both it and the piston upward till the valve 
is seated. 

<^. What is the purpose of this closing of the quidt- 
action valve? 

A. It closes connection between the brake pipe and the 
quick-action exhaust so that when a release is made, the 
brake-pipe pressure will not escape to the atmosphere and 
interfere with the release. 

Q. Do an7 other p&rts of the control valve change 
poAtion in emergency? 

A. No. 

Q. la, releasing after an emergency, how doei the 
control valve operate? 

A. Just the same as after any other application and as 
described under "Release and Recharging." 

BRAKE CYLINDERS. 

Q. What does Fig. 146 iUnstrate? 

A. The type of brake cylinder used with the "PC" 
equipment. 

Q. In what way does It differ from that nied with 
previons equipments? 

A. Only in the pressure head which does not have any 
seat for a triple valve, but is a plain, fiat head except for the 
slack adjuster lug. 

Q. Are both service and emergency brake o^inden 
jnst alike? 

A. They are always the same type but not always the 
same size. Very often the emergency brake cylinder is one 
size smaller than the service cylinder. 
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Q. What detennineB the size of each? 

A. The weight of the car and the desired increase of 
emergency braking power over service. If the emergency 
should be twice that of the service, both cyiindera are made 
the same siee. Otherwise they are proportioned to ffxe 
the desired relation between service and emergency. 

Q. How are the cylinders placed on the car? 

A. Directly opposite each bo that the two sets of cylinder 
levers axe symmetrical and connect by links of equal length 
to the same top rodat each end. (See Figs.118 and 119.) 
Sometimes the cylinders point in the same direction, and 
sometimes in opposite directions; the latter is usually more 
convenient for hand-brake connection, while the former 
makes the slack-adjuster connections somewhat simpler. 
Which arrangement to use depends on the construction of 
the car and the location of the apparatus. 

Q. Is the slack adjuster a regular part of this equip- 
ment? 

A. No, but an automatic slack adjuster for each brake 
cylinder is considered as about essential to this equipment, 
and always should be included. 

Q. How are the slack adjusters connected to the 
cylindw? 

A. Both adjusters are connected to the service brake 
cylinder so that they will both always operate at the same 
time and an equal amount. 

GENERAL. 

Q. How shonld an enffineer handle tliis brfdce? 

A. Practically the same as with cars having the old 
quick- act ion brake. 

Q. Wliat noticeable difference exists? 

A. An over-reduiiion will result in an emergency appli- 
cation if the reduction is continued below 60 pounds with 
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110-pound brake pipe, or 35 pounds with 70-pound brake 
pipe. 

Q. What shonlii be done to cat oat this brake on ft 
car whenevOT necessary? 

A. Close the cut-out cock in the brake-pipe branch to 
the control valve, and bleed both reservoirs. 

Q. Since both set3 of cylinder levers are ooonected 
to the same pull rods, how does a semce application 
affect l^e emergency cylinder? 

A. The emergency cylinder lever will move exactly as 
tiie service cylinder lever, but as the emergency-cylinder 
pistcm rod is provided with a slotted crosshead, the move- 
ment of the piston rod end of the emergency-cylinder lever 
does not cause any movement of the piston in that cylinder. 

Q. What important point should be noted from tiiis 
fact? 

A. That the emergency-cylinder piston being in release 
position does not necessarily indicate that the brakes are 
released. To actually determine this, look at the ends of 
either the service or emergency-cylinder levers. 

Q. In adjnstiniT the automatic slack adjosters, what 
is especially necessary to bear in mind? 

A. That the crossheads of both adjusters must be left 
at the same distance from their respective cylinder heads, 
so that the piston travel of both cylinders in an emergency 
application will be the same. 

Q. Where is the Qoiok-aotion exlianat located? 

A. It is the one-inch pipe tapped opening in the bottom 
of the control-valve reservoir. 

Q. What should be done in the event of a continual 
blow at this opening? 

A. Make an emergency application, then release; if 
the blow continues, the quick-action valve leaks, and the 
quick-action portion (on the left when facing the equalising 
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portion) should be removed and replaced with one in proper 
condition. 

Q. Where Is the application-chamber exhaust? 

A. It is the ^-inch pipe tapped opening on the left side 
of the control-valve reservoir. 

Q. If a blow ooonrs at this opening, with brake either 
apidied or released, what shoiUd be done? 

A. A new or repaired equalizing portion should be sub- 
stituted, 03 the release sHde valve, or graduating valve, 
needs attention. 

Q. Where is the reduction limiting diamber exhaust? 

A. It is the ^-inch pipe tapped opening on the left-hand 
side of the equalizing portion. 

Q. If a blow is heard at this eshaast in either re- 
lease or service position, what does it indicate? 

A. That the application portion is defective and should 
be replaced by a new, or repaired one. 

Q. If the blow occurs only after a 30-pomid brake- 
pipe redaction, what is indicated? 

A. . That the emergency-reservoir check valve is de- 
fective, and another should be substituted. 

Q. Where is the emergency-reservoir check valve 
located? 

A. It is the middle check valve in the'equalizing portion. 

Q. If this blow at the reduction-limiting cluunher 
exm.iist continues all the trtiile, what is the trouble? 

A. It indicates that the equalizing portion is defective 
and should be replaced. 

Q. Where is the emergenoy-plston exhaust? 

A. - It ia the 5^-inch pipe tapped opening on the right- 
hand side of the equalizing portion. 

Q. What should be done if a blow is heard at thii 
ez^iist opening? 

A. Make a 15-pouiid reduction, and lap the brake-valve 
handle. If the blow stops, it indicates that either the emer- 
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gency piston or the seal on the small end of the equalizing 
piston is defective. If the blow continues, it indicates a 
defective equalizing portion. In either case another portion 
in good order should be substituted. 

Q. Where -u the service brake-cylinder exhaust lo> 
cated? 

A. It is the ^-inch pipe tapped opening on the left-hand 
side of the control-valve reservoir. 

Q. What does a hard blow st this exhaust indicate? 

A. If it occurs when the brakes are applied, it indicates 
a defective application portion; if when the brakes are 
released, it may be either the application portion or the 
emergency portion that is defective. In either case another 
portion should be substituted. 

Q. Whtre is the emergency-cylinder exhaust? 

A. It is the H-inch pipe tapped opening on the bottom 
of the control-valve reservoir, 

Q. What does a hard blow at this exhaust indicate? 

A. It indicates a defective emergency portion, requiring 
the substitution of another in good order. 

Q. If the chang^ing: of the portions does not eliminate 
the trouble what should be done? 

A. Examine the gaskets between the portions to see if 
any defect exists in them. 

Q. When removing the application, emergency, and 
quick-action portions, what should be done with the 
gaskets? 

A. They should be left on the reservoir. 

Q. When removing the equalizing poition, where 
should the gasket be left? 

A. On the application portion, unless the latter ia to be 
shipped to or from a repair point. 

Q. What general rule should be obaorved in apply- 
^ f^"' .......Google - 
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A, They should be carefully examined to Bee that no 
ports are restricted, or that the gasket is not broken or 
damaged between ports. See that the nuts are all tight 
80 that a good bearing exists all around. 

Q. Where is the direct and graduated-release cap 
located? 

JA. On the front of the equalizing portion in the center, 
held in place by a single stud. 

Q. How should this cap he set? 

A. With the pointer on the cap toward either the words 
"direct release" or "graduated release" {which are cast on 
the front of the portion) according to the instructions issued 
by the railroad. 

LUBRICATION OF THE CONTROL VALVE. 

Q. In lubricating the equalizing portion, what is the 
first thing to be done? 

A. Carefully wipe oEE the bearing surfaces with a soft 
cloth, or some soft material without lint, thoroughly remov- 
ing all oil, gum or grease from the slide valves and seats. 

Q. What uert shoald he done? 

A. With a stick about 8 inches long, having a pad of 
chamois skin glued to one end, dip the chamois in a high 
grade of very fine dry (not fiake) graphite, the best that can 
be obtained, and rub it on the face of the slide valves, gradu- 
ating valves, their seats, and the upper part of the slide- 
valve bushing where the stide-valve spring bears; rub into 
the surfaces thoroughly so as to make as much as posdble 
adhere and fill in the pores of the brass, leaving a very thin 
light coating of graphite on the seats. 

Q. Should any oil or grease be used? 

A, No. Care should be taken that no oil or grease comes 
in contact with the slide valves or their seats, and in band* 
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ling, the fingers should not touch the lubricated surfaces, 
as moisture will tend to remove the graphite coating. 

Q. How should the piitons b« hibricated? 

A. After replacing the pistons and slide valves in the 
equalizing portion, they should be moved to release position 
and a little good oil or graphite grease applied to the surfaces 
of the piston bushm^. The pistons should then be moved 
back and forth several times to insure a proper distribution 
of the lubricant over the working surface. Any excess of 
lubricant should be removed with a cloth. 

Q. How shonld the triplication portion be InbrlcatMl? 

A. The slide valves and their seats should be cleaned 
and sparingly lubricated with graphite grease. The appH- 
cation piston and cylinder should be thoroughly cleaned 
and lubricated with graphite brake-cylinder lubricant. 

Q. How should the em^gency portion be Inbricated? 

A. 1. After thoroughly cleaning the bearing surfaces, 
remove the top cover and take out the loose fitting cylinder 
bustung. 

2. Lubricate the large piston with a few drops of a good 
grade of triple-valve oil, applying same sparingly to the 
slide valve, then enter the latter into the portion, 

3. Lubricate the slip bushing for the small emergency 
piston, applying a few drops of triple-valve oil to the inner 
circumference. 

4. Apply the bushing to the portion and bolt on top 
cover. 

5. Move the slide valve to release position and put a few 
drops of oil on the walls of the Iwge cylinder bushing, mov- 
ing back and forth several times to distribute the oil, and 
removing any excess with a cloth, 

6. Apply the large cover to the emergency portion. 

Q. What iTibrication is required for the quick-action 
portion? 



402 Aib-Brakb Catechism 

A. No parts of the quick-action portion require lubri- 
catioD. 

COMMON EXHAUST RESERVOIR. 

Q. ti any part of the control vaJve erer fumiahed 
differently than just descrihed? If so, what? 

A. Yea, the three-compartment reservoir. 

Q. In what way is it fnrnislied different^? 

A. There is a type of this reservoir called the "common 
exhaust" reservoir which has only one viable exhaust open- 
ing to the atmosphere. 

Q. What is the object of this? 

A. To protect the various exhaust openings from becom- 
ing closed by ice, snow, slush, or sand. 

Q. How is this accomplii^ed? 

A. A comjnon-exhaust chamber ia cast around the reser- 
voir into which all the exhaust openings are connected, then 
only one large opening is allowed between this chamber and 
the atmosphere. (See Fig. 146.) 

Q, 'Is the common exhaust the only opening between 
the common-exhaust chamber and the atmospheire? 

A. ■ No, there is an opening opposite each regular exhaust 
to permit access to each exhauat separately if desired, but 
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in ordinary service these openings are usually plugged, and 
the common exhaust piped to some protected place. 

Q. b oase of piping the eommoa exhaust ob jmt 
mentioned, which pipe-tepped opening shonld be nsed? 

A. Any of the one-inch pipe-tapped openings on the 
sides or bottom, as most convenient. 
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Q. If ]&o opening is piped away, which one ia left 
open? .' 

A. I/sually several, so that if any one is closed, there 
will stjiU be others through which the exhaust can pass. 

Q/ How are the two exhansts on the aides of the 
oqiUtlizing portion connected with the others? 

j^. By pieces of ?^-inch pipe which connect into the 
ccmmioQ exhaust chamber. (See Figs. 147 and 14S.) 
/ Q. When testing for leakage, how is it possible to 
/get at the rarions exhaust openings? 
.'' A. By removing the 5^-inch pipes on the sides of the 
equalizing portion, and the plugs from the openings in the 
reservoir opposite to the other exhausts, inserting pipe 
nipples long enough to cause each exhaust to take place 
outoide of the reservoir- Then proceed with the tests as 
already outlined. 
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THE CENTRIFUGAL DIRT COLLECTOR. 

Q. What is the centrifugal dirt eoUeetor? 

A. It is a device to protect valves from dirt, sand, scale 
or any foreign matter carried along through the pipes by 
the flowing air. 

Q. Whete is it maally placed? 

A. In the branch pipe from the brake pipe to triple 
valves, control valves or distributing valves. 

Q. b it used in oonjuaction with the brake-pipe air 
strainer, usually placed at the point where the branch 
pipe and brake pipe join? 

A. No, the brake pipe air strainer is omitted when the 
centrifugal dirt collector is used, and a specia' branch-pipe 
tee substituted, which does not have any strainer in it, but 
ia 80 designed as to prevent water in the brake pipe from 
running into the branch pipe. 

Q. At what point in the branch pipe ghonld tlu cni- 
trifugal dirt collector be installed? 

A. Between the cut-out cock and the triple (or other) 
valve, and as close to the valve as practicable. 

Q. In what position should it be placed? 

A. Vertically with the pipe connections at the top, and 
ao the air will Sow throu^ it toward the valve in the 
direction marked by the arrow cast on the outside of the 
body. 

Q. How does it operate? (See tig. 149). 

A, The air entering the device on one side ia made to 
rotate around the center, then pass up and out through the 
middle ; in so doing, the dirt and foreign matter is thrown 
by centrifugal force against the walls of the conical chamber, 
and thence by gravity falls into the chamber at the bottom, 



Aib-Bbakb Gatschisu 



Fig. 149. CBHTEiruGAL Dibt CoLtEcros. 

vbere the deflector tvhich stands up from the plug at the 
bottom prevents its being drawn up into the outgcdng 
stream of air. 

Q. What ifl the particulu- advantage of this type of 
air cleaner? 

A. It automatically eliminates the foreign matter with' 
out in any way reducing or restricting the air passage. 

Q. How ia the dkt removed from the collector? 

A. By unscrewing the plug at the bottom. 

Q. How often shonld the dirt collector be cleaned? 

A. Every time the triple (or other) valve is cleaned. 
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ZMi RETISKD EDmOW. JUST PUBLISHED. 

UP.TO.DATE 

AIR-BRAKE CATECHISM 

By ROBERT H. BLACXALL 

Pocket Size PricA 12 OQ ^^J lUuatiated 

384 P»geB. rrito, f^.vu witfi Coloreil Plate*. 

nnHIS im flie ■tandord book on the Ail Bnke, WiittcD br one of 
J^ the mort wideir known Ail Bnko Hen in the United Stale*, 

It i* the onlr practical and coraplete work pnbliihed. Treata 
on the equipment Rnanufsrhucd by the WeitinsbouK Air Brake 
ComiHUiT, indndins the E>T l.ocomotiTe Brake^uinment, the K 
(Qnick-SaTias) Ti^le Valve £oc freight aervice; the L lEih Speed 
Triole Valve ; the P-C Pa»eii«er Brake Equipment, and the Croaa 
Cwnponnd Pomp. 

The operation ot all parti of the apparatna ii explained in de- 
tail and a practical war of locating their pecnilaritle* and remedy- 
ins their defeeta is siven. 

It TDK are preparing for an examination, fon ibonid tecare a 
copr ol book at once, ai it containi over 

2,800 QUESTIONS WITH THEIR ANSWERS 

TbI) is the only ftHxik vbicb ba* been endoned and naed by 
Air-^rake Inltmeton and E^xamineia on the different nada throuBh- 



COHTAWINa 



OUPTERS I 



IHEAIKB 

IL-THE WESnNCaOtnE TBIPLB VALVES. 
in^WCSTINGBOU^ FWEJGHT BQUIPSCmT. 



VILr-Na. 9 E-T LOCOMOnVE BRAKE 0|DIP1IO(T. 
VltL-AMM. SIOIAL SYSTEM. 
IX.-4KAiaN6 FOWEK AND I. 
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JUST PUBLISHED NEW POCKET EDITION 

WESTINGHOUSE E-T AIR BRAKE 
IHSTRUCHON POCKET BOOK 

Bj WBL W. WOOD, Air Braka Inatrnctar 

PRICE $1.50 

CONTAINS examination questions and ansirers on 
the E-T equipment. Covering what the E-T 
Brake IS. Bow it should be OPERATED. What to 
do when DEFECTIVE. Not a question can be asked 
of the ENGINEMAN UP FOR PROMOTION on either 
the No. 5 or the No. 6 &T equipment that is not 
asked and ANSWERED in the book. If you want to 
thoroughly understand the E-T equipment get a copy 
of this book. It covers every detail. Hakes Air Brake 
troubles and examinations easy. 

AMONG THE COWTENTS OF THIS BOOK AREt 
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REVISED 1916 POCKET EDITION 

LOCOMOTIVE BREAKDOWNS 
AND THEIR REMEDIES 

By OEO. L FOWLER, Kvbcd by WM. W. WOOD, ATr Brake [mbiKtor 
270 Pages PRICE $ 1 .00 Fully IlluBtrated 

ENGINEERS are pud iMwadaTa for getting their 
^iginea into the terminal on time, and to accom- 
plish this there most be no casualticB EN ROUTE that 
wilt cause delay ; accidents, however, will happen, and 
it is the knowledge of HOW TO AVOID DELAY IN 
CASE OF ACCIDENTS that the Company requires of 
engineers nowadays, and what to do in case of break- 
downs. The revised pocket edition of "LoeomotiTe 
BrakedownB"iB absolutely necessary to every engineer, ■ 
flreman, and shop man, because it treats of every 
possible engine trouble, and presents tbe remedy, !n 
the form of questions Bn4 answers. Just imagine all 
the common troubles that an engineer may expect to 
happen sometime, and then add all of the unexpected 
ones, troubles that could occur, but that you had never 
thought about, and yen will find that they are all here, 
in this Up-to-Date Edition of "Breakdowns," with' the 
rery best methods of repair. 



CONTENTS 



L-DatMtlT 
IIL~Acctdent> 
IV.-Aeelcienle 
Vahrs Motion : 
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AeddanU'. X^ 
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JUST PUBUSHED 
THIRD EDITION, REVISED AND ENLARGEp 

THE WALSCHAERT and OTHER MODERN 
RADUL VALVE 8EARS FOR LOCOMOTIVES 

Br WM. W. WOOD, Air Bmka InqMctor 
«5 Pages PRICE, $1.50 ILLUSTBATBD 

WTH the adoption of the Walschaert Valv« G«ar 
on nearly every modem locomotiTe in America, 
this book fills a place of real interest and usefnlneu. 
By a careful study of its pages, one can THOROUGHLY 
anclerstand the Walschaert Valve Geu', as the author 
takes the plainest form of a ateam engine — a stationary 
engine— in the rough, that will only turn its crank in 
one direction— and from it builds up— with the reader*! 
help, a modem locomotive equipped with the Wal- 
Bchaert Valve Gear, complete. 
THE CONTENTS OF THE BOOK ARE DIVIDED INTO FIVE PARTS 

THE FIRST DIVISION conUns an aoili^ of the Wabeliurt 

ValnGtmr. 
THE SECOND DIVISION tmts on the DceUninE and Ereetins c< 

THE THIRD DIVlsioN hM to do with tba ftetml work of the WbI- 

•ehHTt Valve Geu on the RouL 
THE FOURTH DIVISION in eompoHd eoliTeb ot ttamtiooM ud 



Tbe book Is fnUy mmitnited, and a novel and inter- 
esting feature of ttie book Is tbe folding diagrams wttb 
cardboard valve models, by means of which the sctosl 
operaUon ot the valve under the Inllaence ot the Wil< 
■cbaert motion can be studied. 
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NEW EDITION JUST PUBLISHED 

LOCOMOTIVE CATECHISM 

By ROBERT GRIMSHAW, M. E. 
82SPac« 437 mtntnUotHaad Three FolAngPIatca 

PRICE $2.50 



'I'Uli 
•1 w 



;S book commeiidB itself an once to every Engineet 
And Fireman, and to all who are ^ing in fm 



In plain language, with full, complete tattmer*, 
not only all the questiona asked by the examininc 
engineer ore given, but those which the young and less 
experienced would ask the veteran, and which old 
bands ask«s "etickera." 

It is a veritable Encyclopedia of the Locomotive, 
ia entirely freef rom mathematics, and thoroughly op-to- 
date. StadyltaMlyoa will know rwaraiiKinwth^wncUy. 

CONTAINS OVER 4000 EXAMINATION QUESTIONS 
WITH THEIR ANSWERS. 

AMONG SOME OF THE SUBJECTS TREATO) AREi 

AgMtOf ud EmoxuMle* ; Air-Bnka; AUrM-Hatilidt 
Otn; ASkaGmii ABtmaUe Radodiw Vain: ABtDDUtle Steek 
Adjiutcr; AniiUaiT Itf uiolr; Bbnnr; BoUsn; Kaka OrUn- 



Indkator: Injactori Joy Oaai: . 

i ^-j—ir. ud Poonda ; Lobricatloo ; PUton Vain* : Qnlek^ 
Aetk>D"Bnka: RattofValm: BiehnoBd-ltaUlB Canpaand ; Siida 
Valre; SHda-ValTs Peed Vahrc: Somlwaud Stwn; Swwoay 
Gompnaaor : Tandnn Canpoands ; Thrce-Crlindar GaBbOundi : 
Vaeonm B^ke; Yah* Otani Tain HaCkm Moadii Tataa 
flail liil WalachMTtCMK; Tomw Vatn Oaar. 
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JUST PUBLISHED 1 

PRACTICAL INSTRUCTOR 
AND REFERENCE BOOK for 

LOCOMOTIVB FIREMEN AND ENGINEERS 

Br CHARLES F. LOCKHART 
368 Pages. PRICE, $1.50 88 Illustrations. 

THIS book treats in a thoroi^li ' manner of the 
rail road man's dntieB and how to properly per- 
form them. It also contains practical information on: 
The Constractioa and Operation of Locomotives; 
Breakdowns and Their Remedies; Air Brakes and Valve 
Gears. Roles and Signals are handled in a thorough 
manner. As a book of reference it cannot be excelled. 
An entirely new book on the Locomotive. It 
appeals to every rail road man, as it tells him how 
things are done and the right way to do them. Written 
by a man who has had years of practical experience 
in locomotive shops and on the road firing and runnii^. 
The information given in this book cannot be found in 
any other similar treatise. Eight hundred and fifty-one 
questions with their answers are included which will 
prove specially helpful to those preparing for ex> 
amination. 

THE BOOK IS DIVIDEP INTO SIX PARTS, AS FOLLOWS: 



rmtt I— THE VTBEBEAira DUTIES. 

FkM n.-GENBBAI. DESCBIPTION of tha lAOOXOTITK, 

P»rt IIL— BBEAKDOWna ASD THEIB ttESUSDIsa, 

P»rtiy.— AIB BBAKBS. 

PHtT.— EXTBACra FBOM STAITDABD BULBS. 

Fart TI.— gUBSTIONB SOU BXAXTNATION. 



t, Google 



JUST OFF THE PRESS. POCKET EDITION. 

TRAIN RULE EXAMINATIONS 
MADE EASY 

Br C E. COLLINGWOOD 

■MPlna-riillrlllnatTatad DOinV Cl tS 

WithnBlnSlcoalatncaloa riUl^lL 9J.^S 

' I 'uIS is a book which eveiy t&ilroad man, no nutter 
* what department he is in, should hftve, as it Is 
written by a man who ondentanda the subject tbor- 
ongUf. Hr. G. E. Collingwood, the author, ia s 
recognized authority on train rules and train orders. 
For years he has edited the train rule department in 
four of the foremost railroad magazines in the United 
States. If you want to thoroughly understand the 
subject get a copy of this book, as every detail ia 
covered, and puzzling points are explained in simple, 
comprehensive language. This book is the only 
practical work on train rules in print. 

Contains complete and reliable information of the 
Standard Code of Train Rules for single track. Shows 
Signals in Colors, as used on the different roada. 
Explains fully the practical application of train orders^ 
giving a clear and definite nnderalandifig of all orden 
which may be used. The meaning and necessity for 
certain rules is explained in such a manner that the 
atodent may know beyond a doubt the rights conferred 
under any orders he may receive or the action required 
t^ certain rules. 

Nuriy 500 Questions with tiiclr Aniwcn are Incbdcd 
AMONG THE SUBJECTS TREATED ARE 

Hw ABorisan R^lmr Aiaodatlon ; Stimdud Ttoe ; EHrldbic 
patnta Imtw—u the Tim* Saetioni: Personal AdmonlUani DtBO' 
Mam of Ttnu UMd; Tlma-'IUilca ; Siffuali; Uas of Slvnali; 
BtqMricrttTafTnJna; Honmcnt of naina ; TninOrden; Tonna 
of Orden; CoaifaiiiaUODi of Ordan; Clearance Cardi; l^aln 
IdanUflcattm; Bxaminatloii QiMatloiB: Anawara to Bxamtnadaa 
OmatSoB*; Standard Code of Train Bolaa for Sh^ja IkaAt 
nMnnaot Band. Flac and Lanp Svula In Coton. ate. 
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JP8T FDBIJ8HED 

Diary of a 
Round House Foreman 

By T. S. EEILLY 

tata AnocUta Editor "Rtdlny Bevlcnr." 

176 PAGES PRICE $1.00 

' I 'hIS U the Greatest Book of Railroad Experiences 
^ ever published. Containing a fond of information 
and BQgEestionB along the line of handling' men, organ- 
izing, etc., that one cannot afford to miss. Railroad 
men in an; capacity will thoroughly enjoy and appreci- 
ate the valuable hints and funny experiences contained 
between the covera of this book. It will at once find 
a permanent place in the library of all who want to get 
ahead, as well as those who have climbed the ladder 
and enjoy looking back to the charactere and times 
found only on a railroad. 

New Btorlei and borliabla upericnea* an tdd. mm e*a onlj ba 
doDo, b7 ona ailad with tha mdm of Itlih bnmoT and tha pownr of 
hnpartinc In writins tha humoroaa incidents eonnaetad with tba 
knot^ pnUans Invdved In erer; day life of a ronnd-hoiuc toTenmn. 

WhDe meet of the aaggtMkiDB at* ■pedfleally eonneeted with the 
dntlca of a ronnd-hooM tCAfman. many of the storlea are. In reiUtr, 
pan of Hr. RalUy'a life, obtained whOa hoMlns nadUon* of Kaebin- 
lit. Bound -Bouae Fareman. Flmnan, Enslneer. Haster Heebanle 
and SuparintCDdsnt of Motive Power. 

ThcH artlclea firat appeared aeriallr In Uie "Bsllway Revtew" 



An loterestin^ Book for Every Railroad Han to 
Bead and Profit By. 
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A CATKCHISM ON 1HI 

COMBUSTION OF COAL 

AND THE PREVENTION OF SMOKE 

Br WIIXIAM M. BARR., M. E. 
Nearly SSOP&ges PRICE $1.00 Fally Illostrated 



•"TX* !>■ > (nec«8 ■ fireman ratut ba Likht on Coal." B* moat 
I keaphiaflraln K«>d coDdltion, andpmant, •* for ■■ poialbla, 
' tha amnka nnlaanea. To do thla. hs ahould know how coal bant. 

how amoka ia formad and tha pni»i trarnbiK of foal to obtain the 

beat raaulta. Hs can learn thla, and more toih liom Ban'n 

■'COHBUSnON OP COAL AND THE PBB^KTKOl Of 

SMOKE." It la ui abioluCe autbodtr. 

CoBtkini naBTly 600 quaition* with thair Muwera, 

ginns tha needad inforiiwlioii to anabla majoma ta pksa 

any aiaminatJon «n combiution. 

AMONG THE SUBJECTS TREATED A RE 



Box. Advantasea _ .„ 

LoeoaratiTs BoUna. Fnnctlon of Flis-fitlck Arcb in LooomotWa 
rira.Boi««. UaualConBtractkmoI Brick Arcb In Loeomotivc Pir^ 
Boies. Doca tbe Brick Arch In Locamatlva Pln-Boiaa eania le«kr 



NDtiI^eab _. _. .._ „ 

Rfliuin. Dinct aavLni; aitan tha Btick Arches In Loccaiotira Pll^ 
BoieH by Liaht Fiting. Ad»antaKea att ■'■--•- 
■ko ot lAKomodve Flre-Boxea. Diaadva 

in Locomotivea. Diviaion of wEde Fire-B , 

HOparata Furnaces B'sponitlve Tesults la ordinary LocoiurtWa 
Practice. Hoal efficient form of Eitaauat Titi. Slaa of airarac* 
Eibaiiat Tips. Conclusions reacbed rsardinc mnann for liii iiiaaa 
In Prodaction of Steam by Increaard Drutt, Strons'i LocomotlTa 
Flre-Boi' How the Smokdesa Combnathin of BltiuninDoag Coal b 
carried ont In Praties la LocamaUvea. Details of fmnt ends of Laco* 
motlyea 3a. Pbc. Ry. Facnace Door Details. Detafls at Sbsklns 
Orata. Datallenf Ash Pan. Facia siven In daily report of Trsv^luK 
Firemen So, Pac. Ry. 

Hydiwarbon Oil as a Fuel fi. 

Crode Petrolenm. Success attcndlns 

Auxiliary to Coal tot Loccpmotiva En^naa. i>nansca neceasajy to 
GoDTert a Coal into an Oll-Bumlns Locomotive. ConBtruetkia of 
Atomizers for Barnini Oil on So. Cal. Railrmd. Haw Oil is suDPlled 
to Bumei under Pressure. Size of Exhaust nozzla when bunilnB 
Git Are Oil FIrca Smokeless T Effect ot ProducCa of Combeslkm <3 
an on Fire upon the Tub« of a B«lei. BelatiTs mat of Oil and 
CoaltaaFoel in Locomotiva Practiea. 
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JDST ISSUED NEW REVISED EDITION 

Locomotive 
Boiler Construction 

By FRANK A. KLEINHANS 

ssr..™ pwcE. $3.00 s:^'""'^ 

TfflS IS ONE OF THE BEST BOOKS OF ITS KIND EVER 
PUBLISHED. IT TAKES THE HEADER FROM THE 
LAYING OUT OF THE SHEETS TO THE COMPLET. 
ED BOILER. THERE ISN'T A MAN WHO HAS ANY- 
THING TO DO WITH BOILER WORK, EITHER NEW 
OR REPAIR WORK,WHO DOESNT NEED THIS BOOK. 
THE MANUFACTURER, SUPERINTENDENT, FORE- 
MAN, AND BOILER WORKER- ALL NEED IT. NO 
MATTER WHAT THE TYPE OF BOILER, YOU'LL 
FIND A MINT OF INFORMATION THAT YOU 
WOULDN'T BE WITHOUT. 

THIS book takes the lacomotire boiler up in the order in 
which its varioQH parts go through the shop. Each 
step, from the first mark on the sheet to the finished boiler, 
receives careful attention in a thoroughly practical way, 
shows all types of boilers used ; gives details of constnict- 
ion ; practical facts, such as life of riveting, punches and 
dies ; work done per day, allowance for bending and Sanging 
sheets and other data. Including the recent Locomotive 
Boiler Inspection Laws and Examination Qnestians with 
their answers for Government Inspectors. 
CONTENTS. 



Laying Out Work- Fla>||i>fl and ForgiMs, rnnehlnib 
SliurlBS and Plate Planaino— Bending — MacUnlug 
Parts— Bailer Details— AsBcmbllag and Catldng, Fin- 
lablBg Parts, Boiler Shop Machine ry— General IkMea— 
Platea Sho«vlng Types ol Msdera Loeoiaotlvc Botlcra— 
lacomollve Boiler laspcetfon—QneslIona aad Ansivcra 
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JOST ISSUED . 3m) REVISED A ENLARGED EDITION. 

LINK MOTIONS. VALVES AMD 
VALVE SETTING 

Br FRED H. COLVIN 
FULLY ILLUSTRATED PRICE. S*c 

A HANDY book for the engineer or machmiet that 
clears up the mystarieB of valve eetting'. Showi 
the differ«it valve gears in use. how they work, and 
why. Piston and side valves of different types are 
illiistrated and explained. A book that every rail road 
man in the motive power department ought to have. 

CONTAINS CHAP TERS ON 

LocMBoti** Link Hotlon.— Direct and Indirect Ho- 
tam ; lap ; lead ; crossed rods, etc. 

Valva Mo*«niaiiti.— Twelve charts showing com- 
plete movements of valves under variooa cunditiona of 
travel; lap and lead. 

SatUog Slid* Valva. — P^ding dead centers ; increaa- 
ing or decreasing leads ; changing length of eccentxie 
TOOB or blades ; moving eccentrics on axle. 

AwJriu ^7 Dui^ninu.— Illustrates the various con- 
ditiona that occur with direct or indirect motion ; inside 
and outeide admission and different methods of connect- 
iag the link. New facts and rules in connection with 
link motions and valve letting. 

IModMo Pradic*.— Shows what is being done in the 
matter of eccentric rod lengt? s ; angularity of eccentric 
Tods; leads; proportions of travel; eccentric throw; 
lap; ports; piston speed, etc 

S% of Block.~Illustrates bow and why "Slip" ex- 
ists and how it Is hardly considered in modem practice. 

Slide ValTu.— Shows balanced D Valve, Allen Valve 
. and Wilson's American Valve. 

PUton ValvM.— Shows eight varieties of piitMi 
nlvea; two styles of valve buanJngs or cages and device 
tor getting water out of cylinder. Gives experience ni 
several roads with piston valves. 

Sattiac Piston Valve*,— Plain directions <« points 
diffaring fium slide valves. 

1, Walachaort, Gooc" 
Duthem. Illoatrate 
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SIXTH EDITI^ JUST PUBUSHED 

MACHINE SHOP ARITHMETIC 

Br CM.VIN.CHENEY 
146FXLgea Price, 50& Bound in Cloth 

T IS la an uithmetie of tiM thlBfi yoa Iiav« to du 
with d&ily. It tells yoa plainly about : how to 
find areas of figures— how to find surface ta 
Tohma of balls or spheres— handy ways for calcula- 
ting — about compound gearing— cutting screw threads 
on any lathe— -drilling for taps— speeds of drills, 
taps, emery wheels, grindstones, milling cutters, etc 
—all about the Metric system with convernon taUos — 
properties of metals — strength of bolts wtd nuts — 
decimal equivalent of an inch. All sorts of machine 
shop figuring and 1001 other things, any one of which 
ought to be worth more than the price of this book to 
you, as it aarea you the trouble of bothering the 
boas. 



TUa b OCM of tba most popular MMhankd boolta 
iaprint. It cootun* tha sreatMt half a doUar'a worth of 
laformatioD avar put batwaaa tha two co*«r* rf a book. 
TraaU o« wrafrtUag Niatiag to Machia* Shap BgariBg. . 
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JtrST PUBUSHED. 

Prevention of l^ailroad Accidents 

OK 

Safety in j^ailroading 

Br GEORGE BRADSHAW 

PocEErr BiZE P-!-— ba- fully 

191 PAGES mce, OUC ILLUSTHATED 

AHE:ART-T0-HEART talk with Railroad EinplDTes, 
dealing with facte, not theories, and showing the 
men in the nuike, from every-day experience, how 
accidents occur and how thej mayoe avoided. The 
book is illusbrated with seventy original photographs 
and drawings showing the safe and unsafe methods of 
work. No visionary schemes, no ideal pictures. Just 
plainfactsand Practical Suggestions are given. Even 
railroad employe who reads the books is a better and 
safer man to have in railroad service. It gives just 
the information which will he the means of preventing 
many injuries and deaths. 

The ButhDr of this work l> emDlored br the K. Y. C. * H. S, R.R. 
Id apKiBl HTVke for the pmentloB of Bcxldenli. For murTeu* b« 
lua been csniCaallv eiqimsed in the etndr of nitmsd eceldeDtB. end 
from the man of fvcto. ofatnined by roen of study, he has fcKincd 
certain coDchuiom ea to the preTentkm ttt mccidtinta. 

One of theee concluikira is thst th« majarlty of pmrntable aeet- 
d«bti Bra da«. not ta defective material or improper methndp tiot to 
the men themselves. While considers liona of asfetr lUll call for 
much Improrement in phiF^cal condHlona. tt la a (act that Ip DO field 
of activitj baa there been sreater material advancement tlian in raQ- 
roadioK. Yet the record of Injnrr to emplo;eH haa been anwlnv 

This work takes up the human element In a heait-to-beut talk 
with empkiys. It show them (1) the serlauaneas of the parwnal ln> 
JOTT problam and that they are the real lulleren from preeent condli 
tliHia 1 and {2} how they themselvee are responslbl* for the penonri 
iBjaiT (•oordand bow thegr can Impmve It. 

All RailroBil Employe* sbonU procura a Bopj, zmmd i^ 
and da tbeir part i« pi«*«alia( wfriJilii 
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THE APnJCATION OF HIGHLY 

SUPERHEATED STEAM TO LOCiMOTIVES 

By ROBERT GARBE 
- Edited br LESLIE S. ROBERTSON 

VeiT fullr lUustrated with Folding Plates %o6 Tables 
PRICE, $2.50 

A PRACTICAL work specially prepared for the uae 
of all interested in the application of superheated 
steam to locomotives, written by a man who probably 
has had greater experience and is more thoroughly 
familar, in a practical way, with superheated steam in 
locomotive practice than any other man on either conti- 
ent. While the book deals with highly superheated 
steam, the matter of low superheat is thoroughly dis- 
cussed. In addition to the theoretical discussion of the 
subject the book also contains full illustrated descrip- 
tions, with a discussion of the merits, of all the better 
known enpeiheaters in the world. The details of the 
locomotive, outside of the superheater, for satisfactorily 
using steam at this high temperature are discussed and 
the designs introduced by Herr Garbe are illustrated. 
Reports on a number of very complete and practical 
tests form the concluding chapter of the work. This 
book cannot be recommended too highly to those motive 
power men who are anxious to maintain the bighesi 
efficiency in their locomotives. 

CONTAINS CHAPTEm OH 



aiHfLK KKGINK. 
in.— COMPOUNDING AND 8DPBBTTEATINCI, 
IT.— DESIGNS OF LOCOHOTITG hi; fCUHKATBBS. 
T.—DBSIOMSOPIXICOHOTlV&SUPBRBEATBBS.-atuit'd 
TI— CONSTRUCTIVE DETAILK OF LOCOHOTITBS U8- 

INO HIOBI^T 8CPBKHEATRD 8TKAU. 
TIL— BXPBRIHENTAI. AND WOBBINO RB8I7t.Ta WITH 

BCFKBHBAXJCU BXRAH IXMUMOXITBS. 
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AMERICAN COHPOUND LOCOMOTIVES 

Bf FRED H. COLVIN 
WPmim price, $1.00 Ftill; Ilhutnted 

A BOOK flliowiiisr every type and make of Compoand 
Locomotives in nae in tha eonntry. Telia inplain 
fingliib— How to Handle Them. How to Re^ir Them. 
Wut to do if Thejr Breftk Down. How to Diacoimect 
Tbwn. How to Set V&IveB. Bow to Teat for Leaks 
and Locata Blows. All aboat Pistm Valves, Reduc- 
ing Vatves. Valve Motion. Lubricating, etc. 



CONTAlWa CHATTBW A3 FOLLOWS i 

of BMurt. "nttair of Comiaaodtnc 

In TwiHOrHiidar Compoand. Pttbdnn T 
BImmI* ulutd Compoand. Bkhmood Ci 



L nt of BMurt. 'ntair of Comiaaodtnc Stmm CyKudwa. 



, r BiilaiMlnK. LootinK Bkxn. 

, Bodaetnc Valna. Drtftlns. Vain Ifotioi. ttbtiam- 

nitliU fmnr ot Compoand LoeemoUvee. PraeUesl NoUa. 



CHARTS 

tKACnVE POWER CHART 

A chart whereby yon can find the tractive power or 
drawbar pull of any locomotive, without making a 
figure. Shows what cylinders are equal, howdnv- 
nur wheels and steam pressure affect Uie power, 
what sized engine you need to exert a given draw- 
barpull or anything youdesireiD this line. Price, 60c. 

PASSENGER CAR CHART 

A chart showing the anatomy of a paaaenger car, 
having every part of the car numbered and its 
proper name given in a reference list. Price, 20e. 

BOX CAR CHART 

A chart showing the anatomy of a box car, having 
every part of the car numbered and its proper name 
given in a reference list Price, 20c. 

GONDOLA CAR CHAltT 

A chart showing the anatomy of a gondola car, hav- 
ing every part of tbe car numbered and ita proper 
rMereatcenamegfveninarefermtcelist. Prioe,20c:. 

D,g,l zed b, Google 
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UNIVEB8ITT OP CALIFOBNIA LIBEAEY, 
BEBKELEY 

THIS BOOK IS DUE ON THE LAST DATE 
STAMPED BELOW 

Baoba not ntnrsed on (ims in mbjeet to ■ flno of 
GOc per volume %tUT tha third dn ovardas. iDcreuiui: 
to ti'OO per Tolnme Bfler the lixtb day. Boolu not in 
demand m*T be reneved if application ii mads belOM 
expiration of loan period. 
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